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TRANSLATOR'S PREFACE. 


No apology is needed in the present instance for the 
publication of this work. The lack of technical treatises 
in the English language devoted to Ceramic Industry 
has long been a serious drawback to the progress alike 
of the student and the manufacturer. Since the days 
of Simeon Shaw there has been no serious attempt by 
any English writer to grapple with the complex problems 
of ceramics, or to produce any comprehensive description 
of the processes of clay manipulation. In view of this 
fact, and also that during the last few years an increasing 
interest has been manifested in systematic ceramics, it 
has been felt that the issue of such a work might prove 
opportune. 

Preference has been given to M. Bourry’s work for 
translation on several grounds, but chiefly because it 
appeared likely to be of more substantial benefit to the 
practical potter. To the busy worker the exhaustive 
and original researches of Seger demand more time for 
study than can be devoted to such matters. On the 
other hand, the works of Brongniart seemed to lack the 
perspicuous classification and concise method of state- 
ment which is one of the happiest features of M. Bourry’s 
able book. Unlike all other works, it also treats with 
equal fulness the manipulation of every class of ceramics 
from the common brick to the finest porcelain, and thus 
enables the reader to compare the effect of the general 
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principles governing the results of most diverse manu- 
factures. 

From the engineer’s point of view the work should 
also prove useful, giving as it does a discriminating 
selection of the best known machines and appliances 
from makers in various countries. 

Bearing in mind that the book is intended as a 
manual for practical men rather than a hand-book for 
the scientist, no attempt has been made in translating 
to revise the chemical nomenclature except where the 
subject seemed to be of purely scientific interest. In 
most cases the popular names of chemicals have been 
retained. The translator has met with the usual difficulty 
in finding English equivalents for many appliances and 
processes owing to the fact that the English terms used 
in one district for these are entirely different from those 
of another. In such instances it has been considered 
better to adopt some general descriptive word which, 
though less technical, could be more readily understood 
by all. Occasionally, where the statement depends on 
a complex series of mathematical deductions based on 
French calculations, it has been found preferable to 
allow these to stand untranslated when the principles 
deduced are unaffected thereby. 

Various developments have caused an increasing 
necessity for a full knowledge and scientific grasp of 
the principles governing ceramics. The discovery of the 
methods necessary to the successful manufacture of pot- 
tery is to a large extent complete, and competition no 
longer runs severely in the direction of acquiring fresh 
ones. The research of the future will be chiefly directed 
to the perfecting of processes already discovered, and in 
establishing a more complete control and manipulation 
of the materials already in use. Nor is the desire 
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for such information the only reason for the evident 
need of more technical knowledge. The progress of 
science, and the development of chemistry, electricity 
and hygiene, have caused a much greater demand on 
the potter’s resources in the output as well as in the 
quality of his wares. Almost every new branch of 
industry mow requires the use of ceramic material 
in some form, and in nearly all accuracy of detail 
in shape, composition, strength, non-conduction, non- 
absorption, resistance to heat or to chemical action, are 
of the utmost importance. Realising this demand for 
accuracy and efficiency in the techniques of this manu- 
facture, continental experts have provided pottery makers 
with the most complete information, both scientific and 
practical, by publishing the results of their research. 
Nor has this been left entirely to individual efforts, the 
respective governments assisting either directly or in- 
directly the students and factories in which such inquiries 
have been carried on. 

Quite lately, and very gradually, the English and 
American manufacturers have awakened to the impor- 
tance of basing their operations upon more systematic 
and scientific methods, and it is hoped that the present 
work may prove of some assistance towards this result. 

It is hardly necessary here to enter into the reasons 
for the insular reticence so characteristic of the English- 
man which have induced him to keep to himself techni- 
cal experience probably gained by many painful efforts, 
and at the expense of much loss through lack of more 
accurate knowledge. Failing to recognise that there 
is much which is technically common to all pottery manu- 
facture, he has imagined that his experiences were unique, 
and, therefore, to be kept absolutely secret. Hitherto 
the English potter’s work has been far too empirical, 
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and though many of the operations and the formule 
are based upon the survival of the fittest, the conclusions 
arrived at have not been founded upon sufficiently accurate 
knowledge of the principles involved. There is little 
doubt that it would greatly add to the general progress 
of the industry in this country if manufacturers were 
able to combine in pursuing such technical research as 
related to subjects and methods common alike to all 
their manufactures, leaving to each the opportunity of 
specialising in the details peculiar to his own section. 
By this means much unnecessary labour and expense 
would be avoided, and the advantage thereby gained 
must be apparent. | 


WILTON P. RIX. 
LIVERPOOL Roap, 
NEWCASTLE, STAFFORDSHIRE, 
September, 1901. 
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To Convert :— 


Degrees C. to degrees F., multiply by 9, divide by 5, then add 82. 
Degrees F. to degrees C., first substract 32, then multiply by 5 and divide by 9. 
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GENERAL POTTERY METHODS. 
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CHAPTER I. 
DEFINITION AND HISTORY. 


Summary I.—Definitions and Classification of Ceramic Products.—Definitions— 
Division of the Work—General Principles of Classification—First Attempts 
at Classification — Brongniart’s Classification — Various Classifications — 
Division into two Classes: Permeable and Impermeable Pottery—Division 


into Five Classes: 
(1) Terra Cotta. 


(2) Fired Refractory Clay. 
(3) Earthenware (Faience). 
(4) Stone Ware. 

(5) Porcelain (China). 

Summary II.—Historic Summary of the Ceramic Art.—Ancient Fired Clay —ancient 
Earthenware, Persian, Arabian, Moresque—Italian Earthenware — French 
Earthenware—German, Dutch and Various Earthenware—English Earthen- 
ware — Stone Ware — Oriental China — European China—Contemporary 
Ceramic Art. 


I. DEFINITIONS AND CLASSIFICATION OF CERAMIC WARE. 


1. Definitions.—In nature we find a great number of rocks or 
earths which, when mixed with water, form plastic bodies which can 
be easily moulded into shape and can retain the shape given to 
them. These bodies, first dried, afterwards heated to a sufficiently 
high temperature, lose their plasticity and become hard bodies which 
cannot now be altered in shape. The minerals are designated 
under the general name of clays. 

Clays, whether pure or mixed with other substances, by the 
addition of water and suitable preparation, form what is known in 
ceramic phraseology as “plastic bodies”. They become ‘‘ green 
ware ’’ when they receive the form of the piece to be manufactured, 
and ‘‘ biscuit ” after they have been subjected to the process of firing, 
the word ‘‘ body ”” having obtained in ceramics an illogical significa- 
tion (but sanctioned by custom), designating both the plastic mass 
and the substance which has become hard through the firing.! 


1 Brongniart had suggested the word ‘“‘ excipient,” which has not been adopted. 
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The green or fired ware can be covered over with a coating of 
‘“glaze,” which vitrifies under the influence of heat, the object of 
this glaze being either to decorate the ware or to render it im- 
permeable. 

All the various kinds of ware obtained by these processes— 
bricks, tiles, flagstones, pipes, terra cotta, earthenware, stoneware, 
china—come under the general name of pottery! or ceramic ware.’ 
They can be either simple or compound, that is to say, formed only 
of the body or composed of the body and the glaze. 

The ceramic industries and arts are concerned with the manu- 
facture and decoration of pottery ware. Their domain is as vast 
as it is varied, as much from the variety of the productions as from 
the multiplicity of the means which are employed for their manu- 
facture. Ceramic productions in fact supply the most diverse needs 
of man. They enter as important factors into the construction and 
decoration of buildings; they supply the most varied domestic re- 
quirements ; we find them indispensable for building of furnaces of 
all kinds, for the manufacture of chemical productions, for electric 
communication by pipes ; they render important services to agricul- 
ture in the draining off of water; horticulture makes considerable 
use of them ; the new science of hygiene has found in them an 
indispensable auxiliary, and finally they lend themselves to the 
creation of decorative pieces, uniting the art of sculpture to that of 
the painter. All these applications have made pottery an essential 
element of civilisation, of the same value as wood or métal, and 
more important than glass or natural stones. 

The variety of application entails diversity in the methods 
employed in the manufacture. Sometimes the latter only requires 
the humble workshop of the potter, or the rudimentary shed of the 
brickmaker, whereas, at other times, it necessitates the use of large 
machines putting into action all the resources of industry and 
science. Again, sometimes the potter’s aim is merely to produce a 
cheap piece of goods, at other times he aims at producing works 
of art in which the price of the raw material cannot equal a thou- 
sandth part of the value which the artist’s talent has bestowed 
upon it. 


1From the Latin Potum, i.e., a drinking vessel. 
3 From the Greek xepduos, 7.¢., clay vase. 
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However, notwithstanding the great variety of usage, processes 
and value, ceramic productions form a homogeneous and very dis- 
tinct group in the midst of the other productions of industry and 
art, because their manufacture is in all cases based upon the pro- 
perties of clay—in forming with water a plastic body which becomes 
hard under the influence of heat. 

This definition clearly differentiates ceramic productions from 
glass, in which the plasticity necessary for shaping is obtained by 
a pasty fusion of the mass, and not by a cold shaping of a plastic 
body. This definition also distinguishes them from’ cements and 
other analogous agglomerated wares which harden by the holding 
together of the.components, and not by the action of heat. 

There are, however, two exceptions to this general definition. 

(1) Certain china ware of which the body does not include clay, 
and which is properly termed ‘‘ glass ’’. 

(2) Certain refractory wares in which clay is replaced by other 
agglutinants which really form part of the mass. 

These wares are, however, classed as pottery, because they are 
manufactured by the usual processes employed in the manufacture 
of pottery. 

2. Division of the Work.—The general study of ceramic indus- 
try is divided into two parts: the first deals with the principles 
and general processes of manufacture and decoration; the second 
deals with the description of the special processes of manufacture 
of the different kinds of pottery. 

The first part is sub-divided into seven chapters. The first treats 
of the study of raw materials employed in the manufacture of 
bodies, and the six others bear on the six phases of manufacture 
of the most complex pottery. 

(1) Preparation of plastic bodies, study of their properties, and 
the processes employed to disaggregate, purify, and mix the raw 
materials. 

(2) Formation of these bodies, or processes employed to give 
shape to the pieces manufactured. | 

(3) Drying of the bodies so formed. 

(4) Composition, raw materials, manufacture and laying on of 
the glaze. 

(5) Firing of their bodies and glaze, study of their properties 
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during and after firing, description and working of the kilns em- 
ployed for this purpose. 

(6) Decoration of pottery, either by cutting off the body or by 
colouring the body or the glaze. 

The second part naturally divides itself into five chapters corre- 
sponding to the five groups into which the ceramic productions can 


be classified :— 
Terra cottas. 


Refractory ware. 
Earthenware. 
Stoneware. 
China. 

The classification of ceramic ware would seem to have its logical 
place at the commencement of the second part; but as the various 
categories of pottery ware are necessarily mentioned in the first, 
this classification will be studied from the beginning of the work in 
order to explain the terminology employed. 

It will be followed by a brief résumé of the history of the 
ceramic art. 

3. General Principles of Classification.—The variety of ceramic 
productions renders it indispensable for a classification to be em- 
ployed which will group under common designations all pottery 
ware having analogous properties. However, if the necessity of a 
classification is indisputable, it is easy to realise what difficulties 
will offer themselves. 

Indeed, ceramic productions present themselves as a continuous 
series from the most common terra cotta to vitreous china, each 
product differing but slightly from that which preceded it, and from 
that which follows it, it being impossible to determine clearly the 
transition of the different categories. An example will serve to 
show this difficulty of determination. Terra cotta and stoneware 
are quite distinct articles of pottery, as much from the point of 
view of ceramic qualities as from their value. All Custom House 
rates impose on them unequal duties. Therefore we can understand 
that it is of interest to clearly differentiate them. 

Now, in order to manufacture stoneware the heat must be 
raised to a sufficiently high temperature to cause vitrifaction of 
the body; if this degree is not attained, the ware is simply terra 
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cotta. If the temperature in the oven is not distributed uniformly, 
some pottery can be fired into stoneware, others into terra cotta, with 
all the intermediary stages. Some pieces even can be stoneware on 
one side and terra cotta on the other. Under these circumstances it is 
therefore inevitable that there should be divergencies of estimation, 
even among people who have large experience in the art of pottery. 

Another difficulty of classification exists in the relative value 
which it is usual to attribute to the properties of the ware, a value 
which is not the same for different classes. Thus the chemical com- 
position of a body which is relatively of secondary importance in 
terra cotta for building is of predominating importance in refractory 
fireclays. Besides, it matters little, ceramically speaking, whether 
a piece of stoneware has a coating of glaze or not, whereas a piece 
of pottery while unglazed is terra cotta, but becomes earthenware 
as soon as it possesses a glaze. 

Therefore a general classification cannot be based on one deter- 
minate property without taking others into consideration. It 
cannot pretend to trace arbitrary lines of demarcation, and to dis- 
tribute all pottery ware, past and future, into sharp divisions. 

It should, therefore, confine itself to defining exactly the 
principal kinds of pottery, and to classifying those which, by the 
similarity of their properties, have most in common with each other. 

Doubtless there will remain a few rare pieces of pottery which 
partake at the same time of the properties of two adjacent kinds, 
for which there will be an opportunity for indecision. 

The latter will have little importance so long as these pieces of 
pottery remain exceptions, and if, through the progress of ceramics 
or the caprices of fashion, a few of them are more generally manu- 
factured, it will be easy to make a new class for their kind, and 
they will always find a place of indication in the loose meshes of a 
sufficiently general classification. 

The distinctive characteristics which serve to differentiate 
pottery ware can be divided into four classes :— 

(1) Differences which are apparent in the physical properties, 
whether a body is vitreous or open, impermeable or permeable, 
transparent or opaque, hard or soft, white or coloured, fine or 
coarse grained, matt or glazed, the latter itself being hard or soft, 
transparent or opaque, etc. 


6 TREATISE ON CERAMIC INDUSTRIES. 


(2) Differences in form and use. 

(3) Differences in the chemical composition of the body and of 
the glaze. 

(4) Differences in the process of the manufacture. 

The differences of the first group are of the most importance 
from the point of view of classification. 

They have not only the advantage of being easily and rapidly 
observed, but they enable the ceramist to judge beforehand of their 
chemical composition, and the mode of manufacture. Therefore 
they form the foundation of ail classification of pottery ware. 

From a purely theoretical point of view the differences of form 
and use ought not to be taken into consideration. Ceramically speak- 
ing, two pieces of pottery ware are identical, whatever may be their 
differences of form when they have the same body, the same glaze, 
and the same degree of firing. One is, however, induced to take 
account of these external differences when he is brought face to 
face with a very numerous category of similar pieces of pottery 
of most diverse uses and manufacture. 

The differences in chemical composition, which can only be 
exactly revealed by analysis, are more difficult to observe; they 
should only therefore be allowed to be taken into consideration 
for those classes of pottery in which they have a preponderating 
influence. Finally, the differences in processes of manufacture 
which are not revealed by the physical properties or chemical 
composition can only be noted by name among other divergencies, 
for it is impossible to control them. 

4, First Attempts at Classification.—Among the ancients, and 
up to the middle of the eighteenth century, it was not the external 
appearances and place of origin, presumed or real, which served for 
classification, because, properly speaking, there was no classification, 
but only naming of pottery ware. 

This method was sufficient so long as ceramic industries re- 
mained strictly localised, and limited to the manufacture of a 
small number of different goods. It became manifestly inadequate 
from the day that Chinese porcelain caused a stir in European 
ceramic arts, and from the time when attempts made to imitate 
this ware produced new kinds of pottery ware. 

The result was an inextricable confusion, enhanced by the 
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tendency that manufacturers evinced, arising from an interest easy 
to understand, of calling their productions, whatever their nature, 
by the name of the pottery in fashion. It is for this reason that 
the most authentic writers of the seventeenth and eighteenth 
centuries constantly confuse the terms Faience and Porcelain. It 
is also at this period that we find the expressions appearing 
‘opaque porcelain,” ‘‘ iron stone,’’ and others similar, as substitutes 
for the term “earthenware,” which had then fallen into discredit, 
and has again become the fashion of our time. 

Since the progress of chemistry has enabled the methodical 
analysis of bodies and glazes to take the place of empirical 
formule, the establishment of,a classification based solely on 
chemical composition has been attempted. The great mistake 
of this method was the not taking into account the physical 
properties, or the absolutely preponderating influence of firing. 

9, Classification of Brongniart.—It was not until 1844 that 
Brongniart, in his masterly Treatise on the Ceramic Art, gave 
the first rational classification, which has been universally adopted 
as far as its principal divisions are concerned. 

Brongniart divides all pottery into two classes: that. which 
has a soft body, and that which has a hard body, according as 
this body is capable of being scratched or not by iron. The 
second group is at once sub-divided into two classes, according 
as the body is opaque or transparent. By this means we obtain 
three large classes :— 

(1) Pottery ware of a soft body. 

(2) Pottery ware of a hard, opaque body. 

(3) Pottery ware of a hard, transparent body. 

These three divisions are again divided into nine orders, 
according to the chemical composition of the glaze. 

The following Table, containing’ Brongniart’s observations, 
summarises this classification :— 
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BRONGNIART’S TABLE OF THE CLASSIFICATION OF POTTERY 


WARE. 


Classes, Names and Characteristics. Orders. 


1st order. 


Pottery of soft body: 
that is to say, can 
be scratched by iron, 
sandy-clayey, calcare- 
ous (generally fusible 
at china heat). 


4th order. 


Pottery of hard opaque 
body: thatis tosay, not 
able to be scratched by 
steel, silicious, infus- 
ible, clayey. 


2nd class. 


| Pottery of hard trans- 
parent body: sandy- 
clay, alkaline, can be 
softened. 


Srd class. 


Many objections have been made to this classification. 


And order. 


| 


Sth order. 


6th order. 


7th order. 
8th order. 


9th order. 


Names and Characteristics. 


Fired olay: sandy -clayey body, 
matt surface, out any glaze. 
Sub-divisions :— 
(a) Plastic ware (moulded), 
(b) Utensils, bricks, furnaces 
(moulded). 
(c) Matt ware, jars, urns 
(turned). 
Lustred ware: slightly glazed, 
silico-alkaline. 
Glazed ware: lead glaze. 
Enamelled pottery : common 
earthenware, stanniferous glaze, 
appendices, quarries, bricks, etc., 
with vitreous glaze. 


Fine earthenware: colourless body, 
vitro-plumbiferous glaze. 


Ceramic stone ware: coloured 
body, without glaze or silico- 
alkaline glaze. 


Hard china: kaolin body, feld- 
spar glaze. 


Natural soft china: clayey, phos- 
phatic, kaolinic, vitro-ptum- 
biferous boracic glaze. 


Artificial soft china: marno-saline 


body, fritted vitro-plumbiferous 
glaze. 





The 


chief one refers to the division of earthenware into two distinct 
classes, which Deck, the famous authority on earthenware, and 
an old director of the manufactory at Sevres, has criticised in 
the following terms in his work on Eurthenware :— 

“Ch Brongniart, who for nearly half a century directed the 
works at Sèvres, divided pottery into two large classes :— 


1. Soft bodies ; 
2. Hard bodies. 


In the first class he includes enamelled pottery, called also 
‘common faience,’ In the second 
class he includes fine pottery, pipe clay, flint ware. I regret 
I am unable to accept the terms of the clever chemist with 


reference to earthenware. 


tin-enamelled earthenware. 


The expression ‘common faience’ 
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conveys the idea of inferior quality, and the expression ‘ fine 
faience” implies a kind of distinction. But in my opinion the 
inferiority or distinction of a piece of pottery does not belong 
to the greater or less hardness and whiteness of the body, and I 
cannot bring myself to call the productions of Rouen and Urbino 
‘common faience’. The word ‘faience’ is an anachronism as 
every one knows, since the Persians made faience long before the 
manufacturers of Faenza. . .. 

‘For want of another distinguishing word I define ‘ faience’ 
as any pottery having an earthy fracture covered with enamel.” 

Among earthenware manufacturers of decorative earthenware 
the glazing is the chief element for a piece of pottery. The 
body is only a support, the defects of which sre concealed, if 
necessary, by the use of slip, or opaque enamel. This kind of 
pottery has not, therefore, the high importance which Brongniart 
assigns to it. 

According to another set of ideas the hardness of the body 
is no longer so distinguishing a characteristic as Brongniart 
supposed at the time when he made his classification. 

Fired bodies are manufactured which cannot be scratched by 
iron, ¢.g., certain vitrified bricks and quarries. 

On the other hand, it can be seen that there are some kinds 
of earthenware, the body of which, although fine according to 
the sense in which Brongniart would use the term, is yet 
relatively soft. 

It may also be observed that Brongniart, from a purpose 
perhaps a little archeological, has bestowed too much import- 
ance on lustred and soft-glazed pottery. Of these two kinds 
of pottery the first has not been manufactured for a number 
of centuries, and the second class has a tendency to disappear. 

Finally Brongniart was more especially a manufacturer of 
china, and has only given a classification which is too rudi- 
mentary for so extensive a class of fired bodies. This observa- 
tion, moreover, will apply equally to nearly all the other 
classifications. 

6. Various Classifications.—Salvetat, principal at the chemical 
works of the factory of Sèvres, proposed, about 1857, to make 
a classification in which pottery should be divided from the 
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outset into two great classes: simple pottery (without glaze) and 
compound pottery (body and glaze). Each of these classes is 
sub-divided :— 
1st class. Opaque mass :— 
Ist sub-division . . . Soft mass. 
2nd sub-division  . . . Semi-hard mass. 
2nd class. Hard transparent mass. 
The divisions and sub-divisions are then themselves sub-divided, 
taking into account the composition of the body, then that of 
the glaze. 

This classification, which attempted to force all kinds of pottery 
into rigorous and symmetrical cases, is certainly the most extensive 
and the most dogmatic, but at the same time the least practicable 
and the least natural. For the rest, the primitive classification 
into simple and compound pottery is arbitrary and impossible to 
justify. 

In Germany Knapp’s classification has been pretty frequently 
adopted. It can be summarised as follows :— 


I. Solid (Dense) Pottery. 


A. China :— 
1. With glaze. 
2. Without glaze. 


B. Stoneware :— 
1. With glaze. 
2. Without glaze. 


II. Porous Pottery. 


A. Earthenware :— 
1. Fine, with transparent glaze. 
2. Common, with opaque glaze. 


B. Ordinary pottery ware. 
C. Bricks, tiles, refractory wares. 


In this classification the importance of the glazes is equally 
exaggerated. Moreover, a piece of earthenware ‘“‘ fine ” has not of 
necessity a transparent glaze, nor common earthenware an opaque 
glaze. 

The following classification proposed by Kolbe is based on the 
raw material of the body, then on the examination of the surface 
of the pottery :— | 
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I. Clayey Pottery. 
A. Soft body :— 
1. Matt surface (fired bodies). 
2. Lustred surface (ancient pottery). 
8. Vitreous transparent surface (fine earthenware). 
4. Enamelled opaque surface (common earthenware). 
B. Hard body :— 
5. Matt surface (stoneware). 
e 6. Glossed surface (stoneware, salt glazed). 
7. Enamelled (fine stoneware). 


II. Kaolin (or Porcelain Clay) Pottery. 


A. Soft body :— 
8. Artificially soft china. 
9. Naturally soft china. 


B. Hard body :— 
10. Hard china. 
11. Unglazed china (Parian). 

The primary distinction of this classification between clayey 
and kaolin bodies is not very practical, as it is not of necessity 
revealed by the physical properties of the body, nor by its chemical 
composition. Besides, the body of some pottery ware is both clayey 
and kaolinic, and this kind would not find a place in the table. 
Then there is a possibility of confusion in the value attached to 
the words ‘‘soft’”’ and “hard,” which for clayey pottery denote 
the physical hardness of the body, and for kaolinic pottery are 
concerned with its degree of resistance to the action of heat. 

Bruno Kerl, in his work on Ceramic Industries, adopts a classi- 
fication which is derived from those of Brongniart and Knapp :— 


I. Porous Pottery. 


. Bricks, tiles, various building materials. 
. Refractory ware. 

. Artistic pottery. 

. Common pottery. 

. Ordinary earthenware. 

. Fine earthenware. 


Pipes. 


AMARONE 


II. lmpermeable Pottery. 


1. Stoneware. 
(a) Ordinary. 
(6) Fine. 
2. China. 
(a) Hard. 
(6) Naturally soft. 
(c) Artificially soft. 
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On the whole this classification is excellent. It can, however, 
be found fault with for making a distinction between artistic and 
common pottery, which is very difficult to determine, and for 
creating an exclusive class for ‘ pipes,” while it does not assign 

any place to “ Parian”’. | 

7. Division into Two Classes: Permeable and Impermeable 
Pottery.—From the preceding classifications it can be seen that 
ceramists have been fairly unanimous in dividing ceramic ware 
into two large classes, but that considerable difference has been 
manifested in the determination of the distinctive characteristics. 
Brongniart, Salvetat and Kolbe attribute primary importance to 
hardness ; Knapp and Bruno Kerl to porosity. As it has been 
already observed, hardness has no longer the absolute character- 
istic which a certain period was able to bestow on it. All bodies 
cease from being able to be scratched when they have been fired 
to a sufficiently high temperature, although this temperature varies 
for each of them. Porosity, on the contrary, is clearly a distinc- 
tive characteristic, and is now admitted so by all ceramists. 

Pottery, then, is divisible into permeable and impermeable. 
wares, this qualification naturally being only applicable to the 
body and not to the glaze, which is always impermeable. The 
permeability can be observed and even measured by plunging the 
body into water, and noting the weight of water absorbed at the 
end of a given time. The methods by which this trial is made, 
as well as the limits within which the permeability can vary, will 
be dealt with later on. It will be sufficient to indicate at the 
present that permeable pottery absorbs a certain quantity of water, 
while impermeable pottery absorbs only very little or none. 

To this primary characteristic of permeability others must be 
added, which, though less easy to observe and less absolute, serve to 
distinguish the two classes of pottery. 

Permeable pottery showing an earthy fracture, rough to the 
tongue, is generally soft, and rarely cannot be scratched by steel. 

Impermeable pottery is compact, of vitreous fracture, smooth to 
the tongue, and cannot be scratched by steel. 

The first belongs to the composition in which pure clay, rendered 
more or less fusible by the fluxes, plays the part of an agglomerate ; 
the second belongs to the species of glass capable of assimilating in 
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its mass non-vitrified material. All impermeable pottery begins at 
a degree of low firing by being permeable pottery ; it only becomes 
impermeable at a temperature which causes the softness and vitri- 
faction of its mass. If, on the other hand, porous pottery is heated 
to a more or less high temperature, or till it becomes impermeable 
pottery, or, indeed, which is generally the case, till it loses its form, 
it is then transformed into a vitreous slag. 

8. Division into Five Classes: Terra Cottas, Refractory Fired 
Bodies, Earthenware, Stoneware, China.—Permeable pottery is 
divided into three classes :— 

I. Terra cottas. 
II. Refractory fired bodies. 
III. Earthenware. 

Terra cottas comprise all ceramic productions permeable, not 
covered with glaze, the body of which cannot be heated to a 
temperature higher than that of firing hard porcelain (1,375° C.) 
without losing its form or becoming vitrified. 

Usually they are rather soft; some among them, however, can- 
not be scratched by iron, or even sometimes by steel. Their colour- 
ing varies usually from light yellow to red and reddish-brown ; 
more rarely they are grey or black, and, in some exceptional 
cases, white. 

Refractory terra cottas are always matt, but can be raised to 
the temperature at which hard porcelain is fired without losing 
their shape or beginning to vitrify. They can always be 
scratched by steel, almost always by iron. Their colouring varies 
from yellowish or brownish-white to yellow or light grey; in 
exceptional cases they are black. 

Earthenware comprises all permeable pottery with a coating 
of glaze. Their body is soft or hard, white or coloured in yellow 
or red. 

The fusibility of the body, as well as the presence or absence of 
glaze, serve to distinguish these three kinds of pottery. 

This classification is not now accepted by all ceramists, especi- 
ally by those who, from respect for tradition, have preserved the 
divisions proposed by Brongniart. At this stage it would be pre- 
mature to give our reasons for deciding to adopt it. We will 
develop these in the second part of this work. 
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Impermeable pottery is divided into two classes :— 
IV. Stoneware. 
V. China. 

Stoneware is pottery of coloured opaque body, although some- 
times only slightly yellowish, greyish or bluish. It is matt or 
covered with a glaze. 

China is transparent, of white body, matt, or with glaze. The 
body is sometimes coloured, but only for decorative purposes. 

The distinction between these two classes lies in the trans- 
parency of the body. This is fairly clear, and, as a rule, does not 
allow of any doubt. The possibility of confusion only arises in 
the cases of certain fired bodies, when almost vitrified, which can 
resemble stoneware, and of certain kinds of earthenware of hard, 
slightly transparent body, which could be ranked with china. The 
measure of the porosity of the body will in both cases decide the 
class to which these kinds of pottery belong. 

In comparing the five branches of pottery which have just been 
enumerated with the nine branches of Brongniart’s classification, 
we can establish the following table :— 


I. Terra cottas 
II. Fired refractory bodies. 


{ 1. Terra cottas. 
2. Smeared pottery ware. 


. Glazed pottery. 

. Enamelled pottery. 

. Fine earthenware. 
Ceramic stoneware. 
Hard china. 
Naturally soft china. 
. Artificially soft china. 


III. Earthenware . . . { 


( 


IV. Stoneware 


OD ARAM w 


V. China . . . . | 


Each of these five classes comprises a certain number of branches 
of pottery, the description and differentiation of which will be found 
at the beginning of each of the five corresponding chapters in the 
second part of this work. This more detailed classification can only 
be explained after the study of the principles and general processes 
of manufacture and decoration of ceramic ware. 


II. Brrer History oF CERAMICS. 


9. Origin of Pottery. —It is in Egypt, the seat of the first known 
civilisation, that we find pottery ware claiming the greatest anti- 
quity. By making useof the fairly plastic deposits of the overflow 
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of the Nile, the Egyptians first manufactured bricks of rough earth ; 
they fired them as soon as chance led them to discern the property 
clay possessed of hardening under the influence of heat. In some 
borings made by Linant Bey, debris of bricks of fired body were 
found at a depth of twenty-five to thirty feet below the actual level 
of the valley of the Nile, which fact, taking into account the pro- 
gressive elevation of the soil from the overflows, would lead us to 
suppose that the beds containing those fired bricks were deposited 
10,000 years before our era. According to Mariette Bey, there are 
found in the tombs of the Memphite period (B.c. 5000-3000) 
vases of terra cotta which were intended to contain provisions for 
the deceased. Also, on the walls of the tombs of the Beni-Hassan, 
pictures have been discovered pourtraying scenes from the life of 
Egyptian potters, modelling vases and firing them in an oven, at a 
time corresponding to the Theban period (B.c. 3000-1700). It 
is also to this period that we attribute the discovery of glazes and 
the manufacture of the first pieces of earthenware found in the 
pyramid of Saggarah. During all the period following (B.c. 1700- 
500) the art of earthenware acquired a rare perfection, as can 
be proved by numerous small figures in blue or green and the 
decorations of the temple of Tell-el-Yadouai built by Rameses III. 

Whether the Chaldeans and Assyrians had borrowed their pro- 
cesses from the Egyptians, or whether they themselves had dis- 
covered these, it is known that after having for a long time used 
crude bricks in their buildings they erected the palaces of Croesus at 
Sardis, of Mausolus at Halicarnassus, and of Attalus at Tralles in red 
fired bricks of a beautiful manufacture. The ruins of Nineveh and 
Babylon consist of accumulations of bricks low fired, of a yellowish 
white, sometimes covered with blue, bluish-grey or yellowish-white 
glazes. Tombs made of a body fired in a single piece, or formed by 
two pieces cemented together, evince the skill already reached by 
Chaldean and Assyrian potters at this remote period. But the 
most curious fired bodies which have come down to us are the clay 
plaques on which the Chronicles were written, which, after having 
been fired, were preserved in the libraries. The most ancient one 
which has been discovered is that of Sargon the Ancient, dating 
from 3800 years before our era. 

It is possible that the Indian races learnt the manufacture of 
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fired bodies and glazes from the Assyrians and ‘Chaldeans. Of 
the origin of these old races there is still but very little known ; 
but in the Vedas, their collection of hymns, mention is often 
made of pottery. 

On the other hand, the Persians, successors of the Assyrians, 
inherited their traditions and carried the manufacture of earthen- 
ware to a high degree of perfection, while the Phoenicians, and then 
the Greeks, neglecting glazes, initiated themselves in Asia Minor 
in the art of the potter, and manufactured terra cottas, which 
afterwards had such a pure artistic characteristic. These com- 
mercial nations and navigators have, by means of their numerous 
colonies, been the initiators of the art of fired bodies among all 
the nations bordering on the Mediterranean, and of those at the 
north of Europe. 

Separated from this first home of civilisation by the deserts 
and mountains, for a long time insurmountable, the Chinese also 
discovered the principles of ceramics. According to the Chinese 
Annals the first pieces of pottery were manufactured by Kouen-Ou, 
who lived during the reign of the Emperor Hoang-Ti (B.c. 2698-2599). 
These were doubtless vases in glazed or enamelled earthenware. 

At an early date the Chinese used ceramic ware for the 
construction and decoration of buildings in the shape of bricks 
or enamelled tiles, but their great discovery, that of impermeable 
pottery, stoneware and china, is much more recent; the first 
mention of it is made in a work published under the Emperor 
Wan-Ti, in the dynasty of Han (8.c. 175-151). 

At the time of the discovery of America the natives manu- 
factured remarkable terra cottas, and archeological discoverers have 
confirmed that in certain districts of Mexico and Central America 
the origin of this manufacture was of rather remote antiquity, 
dating probably from more than 1000 years before the Christian era. 

From all these facts it would appear that the manufacture 
of terra cotta, the first halting place in the ceramic art, was 
invented, at least, by three different peoples—the Egyptians, the 
Chinese, and the Mexicans—at the beginning of their respective 
civilisations, that is to say, at periods too remote for us to be 
able to assign a date. | 

The art of covering fired bodies with glaze must have been 
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known to the Egyptians about 4000 years before our era, and it is 
probable that the Chinese on their part discovered it about 1000 
years later. Finally, it was about 200 years B.c. that the latter 
invented stoneware, then china. 

10. Ancient Terra Cottas.—The first fired bodies of the 
Egyptians and Assyrians were made from a clay not very 
plastic, and difficult to work. To remedy this defect straw or 
herbs were added to the body intended for bricks and other thick 
articles. As for statuettes, for inscriptions, a fairly rough outline 
had to be first made before firmg. This method of manufacture 
does not appear to have been employed outside Egypt and certain 
parts of Asia Minor. This was in consequence of the geological 
formation of those vast plains of alluvia in which the fertility 
of the soil engendered the first civilisations. 

In all other countries, on the contrary, the first ceramic pro- 
ductions present a remarkable analogy. Although manufactured 
at distant centuries by the Phcenicians, Greeks or Romans, Celts, 
Gauls or Germans, Indians or Malays, Americans or Africans, 
they present themselves under the form of very porous terra 
cottas, soft or moderately hard, the colour varying from yellowish 
or greyish white to orange yellow and grey. The raw material 
has everywhere been a moderately plastic clay, a little calcareous, 
more or less ferruginous, which has been formed into the con- 
dition of a body, then fired nearly always at a low temperature. 
Such was the manufacture which existed on the shores of the 
Mediterranean 4000 years ago, and such it is that we still sec 
used in our time by certain American and South African tribes. 
Everywhere where man has found this special clay he has been 
enabled to manufacture these old fired bodies without the aid of 
any stock of tools, only utilising the heat produced by a clear 
fire of wood. This extreme simplicity in manufacture has caused 
terra cotta to be the first article manufactured by man with the 
assistance of heat. 

The first pieces of pottery of the kind manufactured have 
been vases for containing food or liquid; it is not until later | 
that it has been possible to make thicker ware, bricks or tiles 
of a more difficult firing. The shapes of these articles in terra 
cotta have naturally varied a good deal, according to the uses 
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for which they were intended, and the particular genius of each 
people. Brongniart in his Treatise on the Ceramic Art has 
devoted several chapters to this subject, which are interesting 
more from an archæological than from a ceramic point of view, 
and we would refer those of our readers for whom this question 
has any interest to these chapters. We must, however, mention 
the jars or amphora of considerable dimensions manufactured, 
as Brongniart says, ‘over all the earth from a remote period, 
perhaps several centuries before the Christian era. The manu- 
factories of these pieces, which are remarkable on account of 
their dimensions, being always very large, but sometimes gigantic, 
are not very numerous, but exist in all countries, in Africa, Asia, 
America, Italy, Spain, France.’ These vases range from 5 feet up 
to 10 feet high, a maximum diameter from 2 feet to 3 feet 
3 inches, the thickness of the body varying from 1} to 24 inches. 
They were made for the purpose of containing liquids, chiefly 
wine, and have since been replaced by wooden vats. 

Chiefly among the nations who have manufactured these old 
terra cottas, which for the most part have been, or are still, the 
only ceramic productions known, we must mention the Greeks, 
because of the plastic perfection which they were able to give 
to their pottery, and next the Romans, who were the creators 
of the industry of fired wares for the purposes of construction. 

Under the name of Greek terra cotta we must not only 
comprise those which were manufactured actually in Greece, but 
also the productions of the Archipelago, the Isle of Milo in 
particular, and other old Greek colonies, of which one, ‘‘ Greater 
Greece,” really southern Italy, was the country from which 
originated the kind of pottery called “Campanian” ware, which 
will always remain the most perfect model of pottery in fired 
body. 

Besides the admirable purity of form, the Greek potters knew 
how to use fairly fine clays, probably washed and fired at a 
rather high temperature, which gave to their bodies a special 
hardness and fineness. After having polished the surfaces before 
firing, in order to give a kind of brilliance to the fired pottery, 
they then invented the process of decoration known as “ slip- 
ping,” which consists in putting on to the body ornamentation 
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made by means of another body of a different colour. Then 
they began to cover the fired bodies with a kind of glaze, with 
a lustre, according to the expression sanctioned by Brongniart, 
which by its strongly alkaline composition determined the vitri- 
faction of the surface. These lustres were coloured either in 
red by oxide of iron, or in dark brown by a mixture of that 
oxide and manganese. The Greek manufacture, which must have 
originated nearly a thousand years before our era, disappeared 
completely three or four hundred years after Christ, and remained 
almost unknown until the beginning of the eighteenth century. 

It is impossible to compare Roman pottery, even that called 
Etruscan ware, with the remarkable productions of Greek art, 
but, on the other hand, those conquerors of the known world 
everywhere introduced the use of fired ware into buildings. The 
large bricks, or rather Roman slabs, as well as their tiles, still 
remain aS numerous monuments. This manufacture, which 
attained its highest point at the time when the power of the 
empire was greatest, declined with it, and almost disappeared, 
though did not entirely cease, during the beginning of the 
Middle Ages. 

When the various European nations began to form themselves, 
the traditions of the Roman potters were gathered again, little 
by little, but it is only since the Renaissance that European 
manufacturers of fired bodies have been able to equal, and then 
surpass, their masters. 

11, Ancient Earthenware, Persian, Arabian and Moresque.— 
We have seen that the Egyptians appear to have been the first 
people to cover fired bodies with glaze, that is to say, with 
glass. From the fifteenth century before our era the Egyptians 
used enamels, with white, blue, or green colourings. The nature 
of the body being very silicious, hard, almost vitrified, caused it 
at a certain period to be confused with china, but this is refuted 
on a close examination: Egyptian enamelled pottery is certainly 
earthenware. . 

The Assyrians and Chaldeans also manufactured similar 
pottery, although with less perfection; but to these nations 
belongs the great honour of being the precursors of the Persians, 
who brought the art of earthenware, particularly of monumental 
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earthenware, to a degree of perfection which has not been 
equalled till our own day. 

Thanks to M. Dieulafoy, the Louvre Museum possesses two 
beautiful frescoes, which adorned at one time the palaces of the 
kings of Persia at Susa, manufactured under the reigns of Darius 
and Artaxerxes Mnemon, that is to say, B.c. 525-362; they would 
in our own days do honour to the most clever ceramists. 

The body employed by the ancient Persians was extremely 
silicious, having the appearance of a piece of soft stone. The 
slightness of its plasticity naturally rendered its moulding very 
difficult. For this reason some authors have expressed their 
opinion that the bricks which serve as a support for the glaze 
are blocks of natural stone which have been carved and 
sculptured. Ceramists have not adopted this opinion. They 
rather think that these bricks are formed of a mass of sand 
together with a little clay. As for the ornamentation, like 
numerous inscriptions, they need not have been moulded, but 
may have been sculptured by hand, either on the rough or 
fired body. The glazes are very alkaline, possessing much 
brilliance, with white, yellow, or blue colourings. At a later 
period the Persians used more plastic bodies, from which they 
were enabled to make vases and dishes. 

Whereas the Roman Conquest destroyed the art of faience in 
Egypt, the Persians maintained its traditions, and must have been 
in full possession of this manufacture, which they knew how to 
bring to such a high degree of perfection, before they were con- 
quered by the Arabs in the seventh century. 

For the long period. of nearly a thousand years, during which 
the Persian art must have reached its highest point, the history of 
ceramics is at a standstill. Arabian civilisation so engrossed its 
conquered peoples that for centuries Persian faience was unknown ; 
and it is not until our own time that the discoveries of archæ- 
ology have brought to light the splendid witnesses of that bygone 
civilisation. 

It is one of the most curious problems of history to seek out 
the causes which prevented the Greeks and Romans, whose inter- 
course with the Persians was so frequent, borrowing the magnificent 
art of enamelling from them. It has been said that the Greek 
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predilection for purity and delicacy of form caused that people to 
dislike an enamel which would clothe an object with any pasty 
substance ; but this resentment could scarcely apply to the Romans, 
who, on the contrary, were very prone to adopt the usages of the 
nations whom they conquered. Whatever may be the reasons for 
refraining from its adoption, it can only be regretted, for this has 
been of the greatest detriment to the development of ceramics. 

The art of faience was only introduced into Europe by the 
Arabs and Moors after it had been ignored by all the classic 
antiquity and the Middle Ages, that is to say, for more than 
1500 years. 

It is difficult to follow the history of ceramics for the first 
centuries of the Arabian Empire, the documents being missing or 
obscure, but it is certain that the manufacture of faience continued 
in Persia, then spread over Syria, Egypt and Spain. It was only 
towards the eleventh century, when the Arabs were superseded by 
the Moors, that a new kind of manufacture appeared in Spain, 
which was distinguished from the Persian wares chiefly by the 
metallic lustre of the glaze. The manufacture of the celebrated 
Hispano-Moresque faience became concentrated in the island of 
Majorca, at Malaga, and at Manises, near Valence. The latter consists 
of wall tilings, dishes and vases, frequently having great purity of 
form. Darcel says: ‘The decoration consists of Cyprus orna- 
mentation, of animals inserted in medallions, which adapt them- 
selves to the contours of these pieces, and of interlacings painted 
in blue, of large stars with rays overlapping, imitating the ceiling 
of the Alhambra, and of boughs with long-leaved foliage painted 
in pale yellow. Inscriptions in Arabian characters, which are 
easily transformed into ornamentation, frequently occupy an im- 
portant place in the decoration. The ground is of white enamel, 
which adopts a slightly pinkish tint owing to the evaporations of 
the metallic colour.” The celebrated vases which adorn the Al: 
hambra at Granada, and are considered masterpieces of Moorish 
ceramic art, were probably manufactured at Malaga about 1320. 

At a later period the decoration came under the Christianising 
influence of Spain and Italy. Rosettes, shields, armorial decora- 
tions, and religious emblems now often replaced the Moorish 
designs. At the beginning of the sixteenth century this style 
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of manufacture was at its height, if not from an artistic stand- 
point, at least from the importance of the output. 

However, the conquest of Spain by the Christians struck a 
fatal blow to this fine industry, for in spite of the protection 
afforded it by kings, it declined rapidly and disappeared entirely 
from the localities it had rendered famous, The honour of in- 
heriting this glorious art fell upon Italy. 

Persian art also had a short period of brilliance at Damascus, 
and in the island of Rhodes. The manufacture consisted of dishes, 
vases, cups and basins, in which floral decorations of roses, tulips, 
hyacinths, carnations of a bright red played the chief part. These 
pieces of faience were made in the island of Rhodes, under the sway 
of the Order of Jerusalem, from 1320 to 1523, at the time of the 
conquest of the island by Soliman II. As for the productions of 
Damascus, their history is almost unknown. They seem to have 
disappeared in the course of the seventeenth century. 

Lastly we must mention the faience ware of a distinctly Arabian 
characteristic, which was made in Sicily during the fourteenth and 
fifteenth centuries, which has been termed Siculi-Arabian. It dis- 
appeared at the time of the advent of stanniferous faience. 

12, Italian Faience Works.—Up to the fifteenth century the 
only glaze known was the plumbiferous glaze. Having been used 
from the year 1100 at Pesaro, it was employed for the coating of 
tiles, vases, more or less ornamented with incrustations or painted 
with metallic oxides. Its transparency allowed the yellowish but 
more often red colouring of the body to be seen. The origin of the 
use of plumbiferous glaze is unknown, but it is generally admitted 
that the tradition of this glaze, known to the Egyptians, Greeks 
and Romans, though little used by them, was handed down to the 
thirteenth century, when it was rescued from oblivion and became 
generally employed. 

From the eleventh century the potteries of Italy were the most 
renowned in Europe. The intercourse which the Italians had with 
the East gave them a knowledge of Arabian faience and their 
metallic lustres, which they strove to equal. For many centuries 
they were content to be imitators, but in 1440, Luca della Robbia, 
a native of Florence, made use of stanniferous opaque enamels for 
the production of a new kind of faience, which, for three centuries, 
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held the chief place in ceramic art. Della Robbia was a sculptor, 
and his object in covering fired bodies with enamel was to render 
them imperishable. The principal works of his extant are statues, 
or groups covered with enamels of a uniform colour, chiefly white 
and blue, sometimes green, rarely brown or yellow. The great dis- 
cretion used in his colours, the purity of style shown in his shapes, 
marks his work with a peculiar characteristic of serenity which is 
not found among his successors. At his death Luca was succeeded 
by his nephew, Andrea, who had seven sons, five of whom became 
distinguished ceramists in their time. They produced bas-reliefs, 
friezes, statues, medallions, altar pieces, remarkable for the perfec- 
tion of technical processes displayed. ‘‘The enamel on them,” 
says M. Garnier, ‘‘is very smooth, very pure and without any 
cracks ; the clay is well fired, and the shrinking has been so cleverly 
calculated that all parts which compose the whole of the bas-reliefs 
and statues of large dimensions are adjusted and placed together 
without leaving any gap.” 

At the end of the fifteenth century the manufacture of a new 
stanniferous faience developed considerably throughout the whole 
of Italy. This was known by the name of ‘* majolica ”’ a corruption 
of the name of the island of Majorca. This designation has been 
the cause of much discussion as to whether the Italians received 
their inspiration from the Moors of Spain or the Arabs of the 
East. It seems probable that they came under the influence of 
both. The Italian manufactories were very numerous, and we can 
only take notice of the chief among them. 

Faenza, in The Marches, which has given its name to the French 
word “ faience,’’ from 1487 manufactured wall tiles; later it became 
known for its blue decorations on a blue enamel of another shade 
(berettino), and the presence of red tints in the painting. 

Urbino, in the duchy of that name, reached the highest pinnacle 
of its fame in the second quarter of the sixteenth century, owing to 
the protection of the Duke Guido Ubaldo II. Many ceramists, 
whose names are worthy to be preserved, have rendered this manu- 
factory famous: Guido Durantino and Francesco da Rovigo before 
1545, Orazio Fontana at the end of the sixteenth century, Antonio 
Patanazzi at the beginning of the seventeenth. At Urbino, repro- 
ductions of the pictures of Italian masters, and particularly of 
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Raphael, were first started. Here also were manufactured gro- 
tesque pieces, ornaments in relief, salt cellars, inkstands and 
especially vases fashioned by Battista Franco, and executed by 
Orazio Fontana, which are considered the masterpieces of this 
factory. 

Pesaro, in the same duchy of Urbino, has been more famous for 
its vessels and metallic lustres. The most illustrious artist of this 
city was Gironimo Vasaro. The manufacture ceased at the begin- 
ning of the sixteenth century. 

Gubbio, also not far from Urbino, is only known for the name 
of a ceramic artist, Georgio Andreoli, who died in 1540, to whom a 
few pieces with metallic lustres of ruby red are attributed. Of all 
the localities of the duchy of Urbino, Castel-Durante has had the 
most active manufacture, if not the most artistic. It only ceased 
at the beginning of the eighteenth century. Its faience ware was 
distinguished by a large and bold design, a brownish colour, gener- 
ally with blue or yellow grounds. 

Then we may mention Caffaggiolo in Tuscany, the productions of 
which bear a close analogy to these of Faenza, Deruta in the 
Papal States, famous for its metallic lustres of chamois yellow, 
Ferrara, Venice, Padua, Verona, Savona, and lastly, Castelli in 
Abruzzo. 

Deck says: ‘‘Italian decorators practised their art on all the 
shapes produced in ceramic ware, floor and wall tiles, plates, 
dishes, bottles, basins, gourds, apothecaries’ vases, decorative 
vases, cups, inkstands, fonts, etc. They had all kinds of decora- 
tions, simple ornamentation, arabesque and grotesque, trophies, 
scenes from history, mythology and landscapes.” Italian cera- 
mists raised themselves to the highest degree of their art, and 
evinced a professional skill of a high kind in extracting from 
the materials they employed their fullest worth. This beautiful 
manufacture, after having reached its culminating point in the 
middle of the sixteenth century, then declined rapidly, and dis- 
appeared almost entirely at the beginning of the seventeenth 
century. 

13. French Faience.—The use of plumbiferous glaze seems to 
have spread in France during the course of the twelfth century. 
It was used first of all to cover bricks and paving tiles, later 
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it was also used in the manufacture of vases of various shapes. 
From 1225 a factory of this kind existed at Troyes, another at 
Pontaillier, near Dijon, and later at Paris and Saintes. But it 
was most used at Beauvais, and in the neighbouring localities 
of Savignies and La Chapelle-aux-Pots. The pottery productions of 
Beauvais were covered with a green or jasper glaze. From the 
sixteenth century, however, glazed pottery ware lost its artistic 
characteristic, and was only employed for domestic wares. For 
this purpose the use of glaze has continued till our own day, 
but this has a tendency to disappear. 

At the beginning of the sixteenth century Italian ceramists 
began to be invited to France by Francis I., and by great nobles, 
such as Montmorency. The decoration of the castle of Madrid, 
near Paris, is due to Girolomo della Robbia. Afterwards they 
founded factories at Lyons, at Nantes, at Le Croisic, but these only 
had an ephemeral existence, and soon fell victims to the caprices of 
fashion, and to the strife waged against them by French ceramists. 

The first pieces of faience of purely French origin are those 
named after Oiron, which, for a long time, remained an enigma 
in ceramics. They were remarkable for the white ivory tint of 
their very hard body, the lightness and finish of their decora- 
tion, while their forms resembled those of the goldsmiths’ 
productions. For a long time their place of origin and date 
-of manufacture were unknown. Recent researches have brought 
to light that these pottery productions, which for long were 
described as ‘‘Henri Deux” faience, because this king possessed 
some of its pieces, were manufactured, not at Oiron, but at Saint- 
Porchaire, in Deux-Sèvres, from 1529 to 1568. This remarkable 
manufacture died out without leaving any trace, and without 
exercising any influence on the development of French ceramics. 

Bernard Palissy, born in 1510 at Chapelle-Biron, near Agen, 
after having followed various trades and travelled in France, 
Germany and Flanders, settled about 1542 at Saintes (Charente- 
Inférieure), and there discovered the composition of white enamel, 
doubtless of Italian origin, patterns of which had come into 
his possession some years previously. By means of experiments, 
which were frequently impeded by poverty, he succeeded in 
producing faience of an original character, which attracted the 
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attention of many great nobles, and particularly that of the High 
Constable de Montmorency. After many years devoted to ceramic 
work, having adopted the reformed religion, he was imprisoned 
at Bordeaux in 1562. By the intervention of the High Con- 
stable de Montmorency he was soon released, and then established 
himself at La Rochelle, and afterwards at Paris, where he enjoyed 
the protection of Catherine de Medici. He was again arrested 
for his opinions in 1588, after the death of his protectors, and 
died in prison at the age of eighty. | 

“ Besides wall tiles, Palissy also produced stove tiles, a beautiful 
example of which can be seen in the old collection of the Comte 
de Pourtalés, vases decorated in various styles, ewers, vases, 
cups, salt cellars, ink pots, candlesticks, and even statuettes ; 
but his most remarkable works are his ‘rustic figulines,’ as he: 
called them. These were dishes with ornamentations of fishes, 
serpents, frogs, cray-fish, lizards, shells and plants. These were 
not made for use, but were designed as show pieces for the side- 
boards which were at that time greatly in fashion.” ! 

Besides being a ceramist, Palissy was also a naturalist, geologist, 
and writer. ‘‘ He possessed,” says Brongniart, ‘‘the qualities which 
make a hero: a high aim, a perseverance to the end, which could 
overcome without drawing back or stopping for a moment before 
any obstacles which confronted him, final success, and the con- 
sequent acquisition of popular favour.’’ But at the same time he. 
was wrong in keeping to himself the secret of his remarkable works. 
‘Thus the art which he had so painfully learnt disappeared almost. 
entirely with him, his immediate successors producing only works 
of mediocrity, relatively, dull, without any ingenuity, and made 
from old moulds.’’? His most remarkable works, the property of 
a few great nobles, remained almost unknown until the beginning 
of our century. He might have been unquestionably the master 
of French ceramics, whereas he was only a brilliant apparition 
idealised by popular tradition. 

It was not until 1602 that the Conrade Brothers, who were 
born at Albissala, near Savona, were invited to France by Louis 
de Gonzague, and began to manufacture faience at Nevers, following 
the processes which they had learnt to make use of in Italy. This. 
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manufacture achieved a great success, and in 1644 a son of one of 
the founders was appointed “ gentilhomme servant et fayencier du 
Roy.” The family of the Conrades died out in 1677. Other factories, 
however, were established at Nevers ; in the year 1632 there were 
four of these, the most important being directed by the Custade 
family. Up to 1660 the pottery wares of Nevers were merely imi- 
tations of Italian faience ; later, oriental pottery was manufactured. 
The productions of this period, says M. Garnier, ‘are remark- 
able for their free and ingenious execution, and especially for the 
beautiful blue often accompanied by manganese.” The output 
became considerable, but the manufactures more and more common. 
‘Statuary, not usually deserving much commendation, was turned 
out from the workshops at Nevers; then the factory at Rouen 
towards the end of the seventeenth century, and that of Moustiers 
at the beginning of the eighteenth century, founded a decorative 
art which attracted favour and orders. Nevers began to imitate 
the productions of Moustiers and Rouen without ever succeed- 
ing in obtaining the red which the manufactories of this latter 
town produced on their ware in the eighteenth century. Then 
the wares of Saxony were imitated, until at length the factories 
of Nevers, having reached the last degree of decadence, by the end 
of the eighteenth century produced nothing but common ware 
illuminated with Republican emblems” (Darcel). 

In 1673 the first manufactory of faience was established at 
Rouen by Louis Poterat, who, having come under the influence 
of Nevers and Delft, could yet free himself from every kind of 
Imitation and created the Rouen style, which takes first rank 
among French faience, and by many is preferred to the most 
beautiful productions of Urbino. 

‘‘ These are designs without relief, symmetrical, forming car- 
touches, scallops, which, being distributed symmetrically over the 
surface of the pieces, radiate round the centre if it is a dish or 
plate, but, in the case of vases, descend from the edge and spread 
over the centre. This kind of decoration is usually in blue on 
enamel white, but yellow, green and red are met with on these 
pieces” (Darcel). ‘In 1786,” says Deck, ‘‘ Rouen had eighteen 
faience factories ; at the end of the century there were scarcely 
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any. English competition had, by its cheapness, triumphed nearly 
everywhere in the manufacture of table ware. Rouen exercised 
a considerable influence on a great number of French and foreign 
factories of faience, and rightly so. No other ceramic centre in 
France has been able, to the same extent as Rouen, to prove the 
vitality of the sentiment of decoration in our country.” 

The Moustiers factory of faience was founded about 1680 in a 
small town of the Basses-Alpes by the family of Clérissy. In 
1789 there were a dozen faience factories, but these disappeared 
during the Revolution. M. Garnier says: ‘‘The manufacturers 
of faience at Moustiers knew how to produce an original decora- 
tion very singular in style, and it might almost be said—if this did 
not appear too ambitious a statement when applied to simple ceramic 
productions—that they founded a kind of school, whose influence 
was felt in every factory from the south of France to Spain.” 

The Hannong family, who were very eminent ceramists, 
founded at Strassburg, in 1709, a factory which remained until 
about 1790. Contrary to preceding manufacturers, the Hannongs, 
following the processes used for porcelain, painted their decora- 
tion on the fired enamel and not on the raw enamel. M. Garnier 
says: ‘The faience wares of Strassburg, which are distinguished 
by the beauty and purity of their enamel, by their elegant and 
' fantastic forms, and especially by the vivacity and freedom of 
their colours, notably purple and carmine, do not arise in any 
way from what had been previously manufactured ”. 

To these four great centres of French faience ware—Nevers, 
Rouen, Moustiers and Strassburg—each of which had its peculiar 
characteristic, we must add a great number of other manufactories 
which are more or less connected with them. To cite the best 
known, Marseilles, Montpellier, Bordeaux, Lunéville, Niderviller, 
Saint-Amand, Sceaux, Lille, Epinal, etc. 

M. Garnier says: ‘At the end of the eighteenth century 
the manufacture of stanniferous enamelled faience, which had 
attained so much splendour for so long a time, had for many 
years been in a full decline. Rouen and Moustiers had lost 
almost all their manufactories which had formerly been their 
pride and wealth. Nevers, and the secondary factories, only 
produced for the purposes of commerce heavy faience ware 
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commonly and roughly painted, and if some towns, such as 
Strassburg, Niderviller, Sceaux, Marseilles, etc., occasionally 
manufactured pieces which were delicately executed and 
decorated with unquestionable talent by genuine artists, it was 
because, even in their decoration executed at the muffle fire on . 
fired enamel, and occasionally enriched with gold, they imitated 
porcelain ware, the use of which began to spread among the 
great houses and among the upper middle class, and which 
emanated either from the factories recently established at Paris 
and in many parts of the kingdom, or from the extreme East, 
whence they were imported into France through the agency of 
the East India Company. But porcelain, the price of which was 
relatively high, was not the only cause for the neglect and 
inferiority into which the manufacture of faience had fallen: a 
new kind of pottery having its origin in England accounted 
for this in a great measure.” 

14. German, Dutch, and Various Faience.—Fired bodies with 
lead enamel developed largely in Germany during the close of 
the Middle Ages. People were not content only to manufacture 
movable goods, they also produced architectural pieces. Nurem- 
berg was already celebrated for its pottery ware, when in 1503, 
Hirschvogel, who was sent on a mission to Italy, there learnt 
the secrets of the manufacture of majolica. 

M. Garnier says: “It is chiefly to Augustine Hirschvogel that 
we generally attribute those vases which are at the present day 
so rare and choice in Germany, being covered with many-coloured 
enamels, which are fairly pure and very harmonious, and having 
figures in relief round the centre, or in the cavities in the form 
of niches made in the body of the vase. But above all the 
fame of the manufactures of Nuremberg rested on those magnifi- 
cent stoves of clay covered over with a beautiful dark green 
or brown glaze, enriched with gilding, consisting of two cubic 
masses placed one above the other, and formed by pieces made 
separately, tiles, plaques, pilasters, caryatides, capitals, etc., the 
union of which constituted a rich and varied harmony. On the 
surface were reproduced in relief, mythological subjects, scenes 
taken from the Old and New Testaments, allegorical figures, and 
decorative subjects.” 
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In the eighteenth century Nuremberg also manufactured 
dinner ware, or show pieces usually decorated with loose 
bouquets ; but the finest grates date from the sixteenth century ; 
by the eighteenth century this manufacture had fallen into decay. 

Among other German factories of faience, we can only 
mention Ansbach (Bavaria), which made fairly good imitations 
of the productions of Rouen; Hôchst on the Main (1720-1794), 
the decoration of which resembles that of porcelain; Frankenthal, 
which imitated the wares of Strassburg; and Bayreuth, which 
made pieces of services and vases generally with blue decoration. 

Towards 1584 there was founded in the Netherlands an 
earthenware manufactory, which, after difficult beginnings, became 
by the end of the seventeenth century of considerable import- 
ance, both for its output and the artistic value of the ware. 
Under the strict supervision of a powerful corporation, the Guild 
of St. Luke, the Delft productions rendered the name of that 
town famous. During the time that this factory lasted—more 
than two centuries—759 ‘ faienciers” were enrolled on the 
registers of the corporation. At first favoured by the import- 
ant development of Dutch commerce in the seventeenth and 
eighteenth centuries, the factories of Delft experienced later the 
same fate as the French factories, and disappeared about 1800. 
Among the numerous ceramists who contributed to the fortune 
of Delft we must mention Herman, Adrian and Gerrit 
Pietersz, Albrecht De Keyzer, Abraham De Kooge, Frederick van 
Frytom, Van Eenhoorn and Augustijn Reygens. Delft manufac- 
tures are divided into three periods. In the first the decoration, 
of an ordinary character, is in camaieu blue with dark traces 
inclining to a violet brown, showing compositions of several 
parts. The second is characterised by a notable improvement 
of the same process, and by a remarkable imitation of Japanese 
porcelain. Finally in the third period, which dates from the 
end of the seventeenth century, the manufacture became prin- 
cipally commercial, and a multitude of goods were produced, of 
the most varied kinds, and some perfect imitations of porcelain 
ware from China, Japan and Saxony. 

Other countries also, especially in the eighteenth century, 
possessed factories of stanniferous ware. Among these may be 
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mentioned that of Talavera in Spain, which gave its name to stanni- 
ferous faience in its native country ; and those, of less importance, 
of Alcora and Seville. In Switzerland the factory at Zürich was 
celebrated chiefly for its stoves in the eighteenth century, and that 
of Thun for its decoration by means of drops of various coloured 
glazes. In Sweden the crockery ware of Rôrstrand imitated 
Marseilles and Strassburg in the matter of decoration, and likewise 
the porcelain ware of Saxony; that of Marienborg was influenced 
in its decoration by Strassburg. Finally we may also mention 
the factories of Bruges and Liège in Belgium. 

15. English Faience.—The manufacture of lead glazed pottery 
ware, aS well as at a later date that of enamelled ware, seems 
to have been very little developed in England. Faience ware 
was imported from Delft, which name was employed to designate 
all stanniferous pottery. We can only mention the factory at 
Lambeth, on the outskirts of London, founded by the Dutch, 
and those of Burslem in Staffordshire. 

Such was the condition of affairs when, in 1770, Astbury, the 
son of a Burslem potter, noted by chance the whiteness of silica 
powder used by a veterinary surgeon, and it occurred to Astbury 
to mix this powder with the faience body. The success pro- 
duced realised his hopes, the body became whiter, was remarkably 
hard, and lent itself to all kinds of decoration. 

Numerous manufactories making use of this discovery were 
established at Burslem, Hanley, Newport, Leeds, Liverpool, 
Fulham and Lambeth. Of these, that of Leeds was the most 
celebrated, and it was not long before its productions were sent 
all over Europe. However, the ware made was generally of a 
common kind, but was brought to a high degree of perfection 
by Josiah Wedgwood, the most celebrated English ceramist. 

Wedgwood was born in 1730 at Burslem, and was a son of 
a potter in this town. After having had several partners he 
founded, in 1759, a factory in his native town, where he manu- 
factured pottery of a cream-coloured body. This achieved a 
considerable success, and being patronised by Queen Charlotte, 
became known as Queen’s ware. Afterwards associating himself 
with Thomas Bentley he devoted his time to the imitation of 
antique art, and manufactured vases, cameos, medallions, the 
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execution of which was as remarkable as it was careful. Wedg- 
wood died in 1795, after having established important works, 
acquired an immense fortune, and leaving behind him the memory 
of a man of noble and charitable character. 

The wares produced by Wedgwood are classified, according 
to Mr. Church, as follows: Cream faience for dinner ware, 
painted in colour, or printed in black or red, rarely enriched 
with gold; black pottery ware in the form of vases, medallions, 
busts, services of various coloured and gilt decoration; red pottery 
ware for imitating cameos; fine faience of a white body; marbled. 
pottery imitating marble, granite, agate (stoneware); and finally 
decorated pieces with light relief on a greyish-blue ground in 
‘the form of vases, candlesticks, small boxes, snuff-boxes, buttons, 
and especially bas-relief imitations of the antique, from models 
by the sculptor Flaxman. 

By the end of the eighteenth century the manufacture of 
the new kind of faience had developed considerably : it supplanted 
stanniferous faience, which had already been put in the shade 
by porcelain. At the beginning of the century it ruled supreme, 
and all countries of Europe paid tribute to the faience manu- 
factures of Staffordshire. 

16. Stoneware.—The history of the manufacture of stoneware 
is much shorter and less eventful than that of faience. It has. 
been seen that this kind of pottery was known to the Chinese 
many centuries before our era. Certain Egyptian pottery ware can 
also be included in this category, besides which a few specimens. 
of glazed pieces of pottery ware exist which were manufactured 
during the Middle Ages. In fact, we know that certain fired. 
bodies are transformed into stoneware as soon as the tempera- 
ture of their firing is sufficiently high; in this case an incident. 
of firing is enough to produce stoneware. However, we do not 
find the regular manufacture of this pottery ware in Europe 
before the fifteenth century. It was probably first carried on 
at Raeren, an old parish of the duchy of Limburg, in the middle 
of the fifteenth century. About the same time a similar manu- 
facture existed at Frechen, near Cologne. The wares of both 
factories were of a yellowish body, covered with a more or less. 
dark brown glaze; these are chiefly vases and jugs, with orna- 
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mentation im relief representing scenes of hunting, dancing, 
peasants, and Biblical subjects. We would also mention a stone- 
ware manufactory at Siegburg, opposite Bonn, which produced 
matt stoneware of a slightly greyish body; but it is at Hoehr 
and Grentzhausen, near Coblentz, that we find factories whose 
wares, wrongly known by the name of Flemish stoneware, 
acquired such a wide reputation. The body is greyish or 
bluish, decorated with blue, violet, or brown enamels. The 
ornamentation is rich and the forms generally elegant. | 

At the end of the seventeenth and the beginning of the 
eighteenth century there also existed at Creussen, not far from 
Bayreuth, a manufactory of stoneware of a brown body, with 
black glaze, and small figures or coats of arms in relief, painted 
in light colours. 

In France the manufacture of stoneware began at the 
commencement of the sixteenth century, and was carried on at 
Savignies and La Chapelle-aux-Pots, near Beauvais. These pottery 
wares, of a greyish or bluish body and a uniform blue glaze, 
enjoyed a wide reputation in the north of France up till the 
time when, towards the end of the seventeenth century, the 
infatuation for faience caused the abandonment of stoneware and 
so much ornamental pottery; the manufacture was then con- 
fined to domestic goods. The Rhenish factories had for more 
than half a century ceased to manufacture Flemish stoneware, 
but the traditions of that beautiful manufacture had not dis- 
appeared, for we find that, about 1690, the Brothers Elers, of 
Nuremberg, established themselves at Bradwell, in England, 
and there founded a factory for stoneware of a red body, then 
of a yellowish white, with salt glaze. The reputation of their 
potteries soon became the means of rival factories being estab- 
lished. Among these we must mention that of Fulham, founded 
by John Dwight, who, from 1721, manufactured ‘jugs, dishes, 
goblets of a brown glaze, decorated in relief with hunting 
subjects and grotesque figures. 

Towards the end of the eighteenth century the manufacture 
of stoneware made considerable progress in England, due in 
part to the researches of the celebrated ceramist Wedgwood, 
whereas on the Continent it was, neglected. Many manufactories 
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in Staffordshire produced at the same time faience and stone- 
ware; but we must come to 1819, the time at which Messrs. 
Doulton established the works at Lambeth, and it is from that 
date that a new era begins in the manufacture of stoneware. 

17. Oriental Porcelain—We have seen that we can trace the 
manufacture of Chinese porcelain ware back to about 200 years 
before Christ. At one time some Chinese porcelain, discovered 
in some Egyptian tombs, was believed to have had a much 
greater antiquity; but careful investigation has shown the error 
of this, and confirmed the annals of the Celestial Empire. How- 
ever, those first pieces of porcelain do not at all resemble the 
ware which is now so described. A greyish body, thick, very 
little transparent, the glaze usually crazed, such is the appear- 
ance of the porcelain manufactured during the dynasties of Han, 
Wei-Tsin and Jsoni, that is to say, from B.c. 206 up to a.D. 621. 

Under the dynasty of the Ting (621-954), there was a con- 
siderable improvement in the manufacture, the body became 
whiter, the crazing disappeared, and the glaze, though generally 
of a greyish-green, is sometimes blue. This progress continued 
under the dynasty of the Thai-Yong-Youen (954-1368) ; the body 
becomes fine and transparent, yellow and green colourings are 
added to the blue. From this period also date the first 
‘‘flammes,’’ and the famous development of Nanking pottery. 

Under the double dynasty of the Ming (1368-1488 and 1488- 
1643) Chinese pottery ware acquired the qualities which have 
rendered it so famous. The style of decoration is sober, the 
colouring pure, and the forms often elegant. Under the Chinthe- 
Khang-Hu (1643-1662) and the Young-Thing (1662-1736) pink, red 
and violet colourings were adopted. 

Lastly, from the dynasty of the Kieng-Long (1736) Chinese 
porcelain has maintained the same appearance which we now 
see. The decoration, composed chiefly of figures, has become 
more and more exaggerated; the gilding, which was at first used 
in moderation, has ended by overrunning the whole of the decor- 
ation. Chinese ceramists delight in the most extraordinary 
exhibitions of skill, and art is compelled to give place to the 
cheap commercial ‘productions which encumber our bazaars. In 
some works we find the Chinese porcelain ware classified under 
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various headings: blue, yellow, pink, and even chrysanthemums 
and peonies. It is scarcely necessary to remark that such a 
classification has nothing in common with ceramics. 

In China the manufacture of porcelain has always been con- 
fined, almost exclusively, to the provinces of Kiang-Si, and has 
been exported from the port of Canton. 

If the Japanese annals relegate the origin of Japanese porcelain 
to the first century B.c., according to Chinese traditions they only 
began to manufacture it there from the beginning of the seven- 
teenth century, and it is only towards the middle of our century 
that Japanese art has obtained a certain amount of independence. 
The body appears to be whiter, more transparent, and the decor- 
ation more careful and less heavy in style. 

The first pieces of Chinese porcelain which came to Europe 
were brought by the Arabs in the twelfth century, but it was 
not until the Venetian, Marco Polo’s, voyage to the extreme 
East, in 1295, that we knew of their place of origin. However, 
they remained in a state of rare exceptions up to the beginning 
of the twelfth century, the time at which the Dutch began to 
carry on a regular trade with the East. They were only 
brought on to the European markets during the following 
century. | 

18. European Porcelain.—Throughout the seventeenth century 
strenuous efforts were made to reproduce Chinese porcelain, but 
without success, because nothing was known of the raw material, 
kaolin, which Nature has placed so liberally at the disposal of 
the Chinese. It was not until 1709 that Bôttcher, assisted by 
the advice of Tschirnhaus, succeeded in manufacturing porcelain 
in the castle of Frederick Augustus II, King of Poland and 
Elector of Saxony, at Meissen, Saxony. There is a touch of 
romance attached to the history of this discovery. 

Bôttcher, born in 1682 at Schleiz, became a student of pharmacy 
at Berlin, and devoted himself to works of alchemy, which brought 
so much attention on him that he judged it expedient to flee into 
Saxony to prevent Frederick III. of Prussia from getting hold 
of his person and his secrets. From Frederick Augustus II. he 
received a princely hospitality, which was afterwards changed to 
a strict supervision. However, about 1704, having entirely failed 
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in his attempts to convert the common metals into gold, he, by 
the aid of Tschirnhaus’ advice, began to inquire into the secret 
of Chinese porcelain. After having first succeeded in manufac- 
turing a reddish stoneware, he conceived the idea—so the legend 
informs us—of making use of a new white powder which he 
used to powder his wig. This was some kaolin from Aue 
(Saxony), which Schnorr, a forge master in that country, had 
recently sold lucratively for toilet purposes. The result was 
beyond expectation. From 1710 or 1711 Bôttcher succeeded 
in manufacturing hard porcelain, and Frederick Augustus IT. had 
workshops built at Meissen, over which he had control, and from 
these originated the celebrated porcelain which bears the name 
of that town. Worn out by intemperance, Bôttcher, in 1719, 
died while still a young man. Tschirnhaus had preceded him 
to his grave in 1708. 

In spite of the extraordinary means employed at Meissen to 
guard the secret of the new manufacture, it could not be kept 
for long. A foreman, Stôpzel, succeeded in escaping and founded 
a manufactory of porcelain at Vienna, in Austria. Stôpzel was 
in hjs turn betrayed in 1740 by a workman named Ringler, who 
sold the processes to the celebrated manufacturer of faience of 
Hochst on the Main. After many years’ sojourn at Hochst, Ringler 
joined with the Strassburg manufacturer of faience, Hannong, 
and in 1775, they founded the factory for porcelain at Franken- 
thal; then those at Nymphenburg, near Munich (1756), and at 
Larisburg, near Stuttgart (1758). One day Ringler, who con- 
stantly carried his recipes on his person, being intoxicated, was 
robbed by several of his workpeople, who retailed his secrets 
throughout Europe, selling them at the highest prices they could 
get. Thus it was that factories were founded at Doccia, near 
Florence, Berlin (1750), St. Petersburg (1772), Copenhagen (1773), 
Riibensgriin, in Bohemia (1790), etc. On the other hand, the porce- 
lain factories of Thuringia, Sitzerode, Volkstedt, Limbach, etc., the 
earliest date of which is 1762, were founded by the chemist 
Macheleidt, who, on his part, appears to have discovered the manu- 
facture of hard porcelain fifty years after Bôttcher. 

If the researches undertaken throughout Europe to manufac- 
ture china proved for so long fruitless through want of kaolin, 
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they yet resulted in discovering a new kind of pottery--soft 
porcelain—a material somewhat resembling glass, and which does 
not contain kaolin. In 1693, Chicaneau, perhaps advised by Louis 
Poterat, of Rouen, first discovered this new kind of pottery at 
Saint-Cloud, near Paris, and for which a license of twenty years 
was granted him in 1702. It appears that another manufactory 
of the same kind existed at Lille from 1708 to 1720. In 1735 
factories of soft porcelain were established at Chantilly and 
Mennecy, near Essonne, and, later, those of Sceaux, Tournay, Strass- 
burg, Saint-Amand, Arras and Vincennes. In 1754 this last 
manufactory was purchased by Louis XV., who transported it 
to Sevres in 1756. 

Notwithstanding the considerable progress which the manu- 
facture of French soft porcelain made, the Sèvres factory, in 
1761, purchased the secret of the manufacture of hard porcelain 
from Hannong of Strassburg, who had recently become the 
proprietor of the celebrated porcelain manufactory of Frankenthal. 
However, the first trials were only made in 1765 at Bagnolet 


by Guettard, who had just discovered near Alençon a bed of 


rather impure kaolin. The porcelain thus manufactured was 
grey and of a poor quality. 

Such was the condition of the porcelain industry in France 
when, about the year 1765, Mme. Darnet, the wife of a surgeon 
at Saint-Yrieix, by chance discovered the famous kaolin beds 
situated near this town, a discovery which caused the total 
abandonment of soft porcelain, and assured the supremacy of 
hard porcelain in France. From 1774 the manufacture of the 
latter was in full activity at Sèvres. Under the protection of 
Turgot the first factory was established at Limoges in 1771, 
followed by a second in 1793, and by several others after 1797 ; 
on the other hand porcelain manufactories increased at Bayeux 
(1802), at Chantilly (1805), at Vierzon (1815), ete. 

In England the manufacture of a kind of soft porcelain was 
commenced about 1745 at Chelsea, but the first regular manu- 
facture of English soft porcelain, in 1751, is due to Chaffers of 
Liverpool. This was obtained by using phosphate of lime as 
a flux. The discovery of the vast Cornish beds of kaolin, in 
1768, improved the manufacture, which was introduced into 
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Staffordshire in 1772, and made considerable progress. While 
in France the discovery of kaolin had induced the abandonment 
of soft porcelain, the latter, as will be observed, continued to 
be manufactured in England to the exclusion of hard porcelain. 

19. Contemporary Ceramics.—This brief summary of ceramics 
brings us to the beginning of the nineteenth century. We have 
seen that its origin is lost in the obscurity of time, and that 
under the form of fired bodies it was the first industry of man, 
after he had mastered the process of firing, and this definitely 
assured to him the conquest of the earth. We have seen how - 
slow his beginnings were, how the labours of several generations 
have sometimes been abruptly destroyed, only to be taken up 
again some centuries ahead. We have seen that in order to be 
brought to the level it had attained at the beginning of the 
nineteenth century, the sum of the efforts of all nations was 
necessary, each of whom in turn held the first rank in the 
intermittent march of civilisation. After the Egyptians and 
Assyrians came the Persians, Greeks and Romans, then the 
Chinese, Arabs and Moors, and finally the Italians, French, 
Germans and English. We have seen the extraordinary part which 
chance has sometimes played, and that of perseverance, of no 
less importance, of the pertinacity, and even devotion of some 
men, for if ceramics has had its victors, it has also had its 
martyrs. 

To the nineteenth century belonged the task of uniting the 
different branches of the ceramic art, of substituting for tradition 
and the secrets of manufacture the principles of science, of 
transforming the craft into an industry, and of placing the art, 
the privilege of a few, at the disposal of all. 

We have seen at the beginning of the nineteenth century 
that the terra cotta employed in building had not made any 
marked progress since the beginning of the fifth century, and 
that this manufacture was carried on according to the traditions 
left by the Romans, our masters in the art of building. These 
latter only employed terra cotta concurrently with stones, nearly 
always covering the pieces with glaze, and only very rarely 
making use of them for decorative purposes. But from the 
beginning of the Renaissance the position of terra cotta becomes 
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less subordinate: the framework and decoration were always 
done in stone, but in the smooth parts of the walls remarkable 
bricks were left with their natural colouring. This was the 
kind of construction which prevailed in France when neither 
very rich nor very poor in stone, and in the southern countries 
of Europe. 

But this is not true for the North, particularly for the 
Netherlands, England, Germany and the United States. In many 
of the buildings erected in these countries stone is excluded, and 
terra cotta, without any glaze, is used entirely for the building 
and decoration. Doubtless stone will always remain one of the 
necessary elements in building, and the countries which are well 
supplied with it may be esteemed fortunate, but the use of 
ornamental bricks will spread more and more. For this it is 
enough that the architects should break with existing traditions 
and apply themselves to arrange from the commencement of the 
building the decorative parts of which they will later have need, 
instead of only concerning themselves with the decoration when 
the huge piece of masonry is achieved. | 

In iron construction, which dates from the middle of the 
nineteenth century, and which had its origin in France, terra 
cotta is called upon to play an important part, serving the 
purpose of filling the metallic skeleton, and of a decorative 
element, in the same way as faience, stoneware or porcelain. 
The universal exhibitions of 1878 and 1889 have shown the use 
to which this new kind of building can be put, but it is to be 
regretted that, with some rare exceptions, those brilliant ex- 
amples have not, up to the present, been more followed. 

The employment of mechanical presses, and a firing raised 
to a more elevated temperature, have for the last forty years 
greatly improved the quality of solid bricks. From this point 
of view Germany occupies the first rank. The ornamental 
bricks which are used have a power of resistance, a vigour of 
form, a uniformity of colouring, which have nowhere yet been 
equalled. The hollow bricks known long ago were not used 
because of the difficulty in their manufacture, when Borie in 
1885 invented a tool, since that time everywhere imitated, which 
has been the starting-point of their frequent use. Moreover, 
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a Frenchman, Gilardoni, about the same time invented a bonding 
tile, which, by the lightness of its pose, tends more and more 
to oust the ancient patterns. We must also mention the tiles 
which, in the south of France especially, have attained a hard- 
ness and beauty of appearance which they never possessed in 
the preceding centuries. 

The manufacture of. drainage pipes, which have rendered 
such important service to agriculture, originated in England at 
the end of last century, but it is only in the first half of ours 
that their use spread into Europe. But the use of terra cotta 
for domestic purposes tends, on the other hand, to diminish 
before the competition which is created by faience and porcelain. 
In spite of the imitations made during this century of the 
beautiful decorative pottery of the Greeks, their artistic char- 
acter has a tendency to confine itself to flower vases, and to a 
reproduction of statues, which, from an artistic point of view, 
leaves much to be desired. 

Refractory ware is an invention of the nineteenth century. 
Doubtless refractory bricks were previously distinguished from 
those which were not, but the wisdom of the ceramists was con- 
fined to this observation alone. The scientific knowledge of the 
properties of raw materials, the accuracy of the mixings, have 
created an industry which has rendered such considerable progress 
in metallurgy and the chemical arts possible. This industry 
originated in England, it spread from there into Belgium, France, 
Germany and the United States—to mention only the chief manu- 
facturing countries. It is, however, chiefly to Germany that we 
owe the scientific researches which have taught us the properties 
of refractory materials at high temperatures. 

We have seen that at the beginning of the nineteenth century 
faience manufactures were only carried on in England, where, 
according to the processes of Wedgwood, faience of a hard 
body, concealing itself under the names, at that time much 
in fashion, of iron stone and opaque porcelain, was manu- 
factured. The great success of this kind of pottery at the 
beginning of the century was the cause of the establishment 
of similar faience factories in France, Germany, Belgium, Hol- 
land, Sweden, Denmark, and more recently in Spain, Russia, 
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Italy and the United States. However, it was not until the 
second half of the century that this manufacture assumed any 
considerable importance on the Continent, being localised in 
several large factories. The English manufacture became con- 
centrated in the Potteries (Staffordshire), being assisted by the 
raw materials there, which, with the exception of silex, are 
all found in English soil. The production of this ware, which 
is of considerable importance, has thus been preserved, and is 
the means of an active export trade. 

English factories, and also those of the Continent, manu- 
facturing chiefly dinner ware, and having to contend with the 
competition of china, have, by successive improvements, notably 
increased the hardness and solidity of their wares, and have 
found out, by means of clever decoration, which has had a con- 
siderable run, how to conceal the defective whiteness of the body. 

More recently several faience manufacturers have entered upon 
architectural decoration, and manufacture wall tiles which have 
certainly become one of the most beautiful and most powerful 
means of the interior ornamentation of our dwellings. 

Stanniferous faience, which was in a state of decay at the begin- 
ning of the nineteenth century, has again been manufactured during 
the last fifty years. Its applications were at first confined to the 
manufacture of stoves; then came imitations of old Moresque, 
Italian, French, Dutch faience, and finally their employment in 
monumental decoration, when they were united to terra cotta. 

It was also reserved to our century to revive the ancient Persian 
faience of a silicious body and transparent alkaline glaze. This 
body, owing to the brilliance and incomparable richness of its 
colours, is certainly, from a decorative point of view, the most 
beautiful which ceramic art has produced. This renovation is of 
recent date, for it was not until 1861 that Deck, the famous French 
ceramist, reproduced for the first time the celebrated turquoise blue 
which was so appreciated by the Persians. 

In the same manner as faience, we have seen that the manufac- 
ture of stoneware had taken refuge in England at the end of last 
century, where it was carried on extensively, and attained to an 
extraordinary degree of perfection, thanks chiefly to Messrs. 
Doulton & Co., whose name is still connected with that kind of 
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pottery. For the last forty years factories have also increased in 
other parts of Europe and in the United States. At the present. 
time artistic stoneware, manufactured principally in England, 
France, Japan, Germany, Belgium and the United States, enjoys 
extraordinary favour. 

Stoneware has still another application, less brilliant but pro- 
bably more lasting, in drain pipes and sanitary apparatus, thus 
making ceramics an indispensable auxiliary of the new science of 
hygiene. 

Moreover its use has become considerable in factories of chemical 
productions, owing to its resistance to acids. Finally it has estab- 
lished important works which manufacture paving tiles in stone- 
ware, either plain, or decorated by incrustation of coloured bodies 
with a very beautiful effect. 

The manufacture of hard porcelain has continued to develop 
during the course of the century. In addition to the countries of 
the extreme East and a few isolated factories, the yvreatest centres 
of production are: in France, Limousin ; in Germany, Saxony and 
Silesia ; in Austria, Bohemia. Besides being used for dinner ware. 
and decorative pieces, it is also employed in laboratories, and, 
owing to its non-conductibility, in electric installations. Some 
applications of it have also been made in monumental decoration. 

The high temperature of the firing of its glaze, which greatly 
limits the number of the colours which can be used at a high fire, 
has instituted a search for a more fusible composition in order to. 
facilitate decoration. Some attempts in this direction have been 
crowned with success at the manufactories of Sévres and that of 
Berlin. 

As to the old French soft porcelain, abandoned at the end of 
last century, this is no longer the object of a regular manufacture. 
On the other hand, English soft porcelain continues to be solely 
manufactured in Staffordshire, where it is, like faience, the object of 
an important manufacture. We must also mention the manufacture, 
during the last fifty years, of a kind of porcelain, usually without. 
glaze and resembling stoneware, several varieties of which exist and 
are known under the name of Parian and Carrara, from analogy 
with the marbles of Paros and Carrara, and porcelain buttons, which 
are the monopoly of a few factories. 


DEFINITION AND HISTORY. 43 


After this short résumé we can see that the ceramic in- 
dustry and arts have made considerable progress in the course of 
the nineteenth century, due principally to the improved means 
of production, also to chemistry and to the more exact know- 
ledge of the properties of raw materials. However, we need 
not believe, as it has sometimes been pretended, that ceramics 
have said their last word. Doubtless, in certain of its applications 
it seems to have arrived near perfection, but in others much 
still remains to be done, and the progress of other industries 
will give rise to new applications. Finally, we must observe 
that there still exist many treatments in which pottery could, 
with advantage, replace the materials now employed, on account 
of their indestructibility or the brilliance of their decoration. 


CHAPTER II. 
RAW MATERIALS OF BODIES. 


Summary I.—Clays: (a) Pure Clay: Composition and Chemical Properties — 
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1. CLays. 
(a) Pure Clay. 


20. Composition and Chemical Properties. We have seen that 
’ are included all 
the rocks or natural earth which, after mixture with water, form a 
plastic body, hardening under the influence of heat. They owe 


these properties to hydrosilicate of alumina, which enters into their 


In ceramics under the general name of ‘clays’ 


composition in varying proportions. Silica, alumina and water 
are, in fact, susceptible to form ditferent combinations, but among 
the latter there is one which, in the constitution of clays, plays 
quite an overwhelming part; this is hydrated bisilicate of alumina, 
represented by the chemical formula :— 

Al?0® 2Si0? 2H%, 
designated under the name of kaolinite in mineralogy, and pure 
clay in ceramics. Other hydrosilicates of alumina which can enter 
into the composition of clays must be considered under the same 
head as other substances which, mixed with pure clay, form 
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numerous varieties of natural clays. Pure clay is formed, there- 
fore, by 1 element of alumina, 2 of silica, and 2 of water, the 
corresponding weight in percentages being 39°77 per cent. alumina, 
46°33 per cent. silica, and 13°90 per cent. water. In a moist 
atmosphere pure clay absorbs a certain quantity of water, varying 
from 3 per cent. to 9 per cent., according to the hygrometric 
condition and the size of the molecules. 

When submitting pure clay to the action of an increasing heat 
all hygrometric water is eliminated at a temperature slightly higher 
than 100°, then it begins to become decomposed about 350° to 400°. 
This decomposition continues slowly up to about 650° to 700°. At 
this temperature the hydrosilicate of alumina is completely de- 
stroyed, water has been eliminated, and the mixture remaining is 
composed of 46°19 per cent. aluminium and 53°81 per cent. silica. 
It is, therefore, impossible to reconstitute the original hydrate or to 
restore the plastic qualities of pure clay to this mixture. 

If the temperature is still raised towards 700° or 800°, the silica 
and alumina begin to combine to form a new anhydrous silicate of 
alumina. This combination appears to be complete between 1,100° 
and 1,200°. Towards 1,500° the first symptoms of vitrifaction 
appear, then the mass grows soft, and ends by dissolving. 

The alkalies, soda and potash, in solution, after a prolonged firing, 
come into contact with the hydrosilicate of alumina and transform 
it into double silicate of potash and alumina. The same reaction is 
produced when the alkalies are in a solid state or in the form of 
carbonates, but in that case the temperature must be raised to the 
point of fusion of the mixture. On the other hand, anhydrous 
silicate of alumina is not attacked by alkalies, 

Dilute acids have no influence on pure clay, but in a concen- 
trated form hydrochloric acid and sulphuric acid displace silica 
from its combination at a temperature of 250° to 300°. They act 
m the same way, but more slowly, on anhydrous silicate of alumina. 
Up to the present time it has been impossible to obtain pure clay 
synthetically, that is to say by direct combination of its elements, 
alumina, silica and water. 

Brongniart, Malaguti and more recently Salvetat and Bischoff 
had approved of the following formula for pure clay :— 

2A1703 , 8Si0? . 4H?0 ; 
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but the works of Forschammer, Schloesing, Hautefeuille, Seger. of 
MM. Le Chatelier and Vogt, have with certainty confirmed the 
composition given previously, and this is now adopted by all 
ceramists. 

21. Physical Properties.—The two physical properties charac- 
teristic of pure clay on which ceramic arts and industries are based 
are plasticity, which is obtained by its mixture with water, and its 
hardening under the influence of heat. 

If an increasing proportion of additional water is added to a 
dry powder clay, that is a clay only containing its hygrometric 
water, a body is obtained which is more and more plastic. Then, 
the quantity of water increasing, the body becomes fluid, and the 
plasticity diminishes until it altogether disappears. 

For a long time the causes of this plasticity were unknown, but 
the recent researches of Messrs. Johnson & Blake, and especially 
those of MM. Bidermann & Herzfeld, have confirmed the view 
that this remarkable property must be attributed to the extreme fine- 
ness and to the laminated form of the grains of pure clay. Certain 
clays having exactly the same chemical composition can yet differ 
considerably from the point of view of plasticity. Microscopic ex- 
amination has shown that these differences correspond to the varia- 
tion in size of the grains of hydrosilicate of alumina, the plasticity 
becoming greater and greater in proportion as the volume of the 
grains diminish. 

Moreover this property is not peculiar to.-clay, for it can be 
observed that all minerals, if reduced to a sufficiently impalpable 
powder by the addition of a liquid, produce bodies having a certain 
amount of plasticity. The fact is clearly explained by the mole- 
cular attraction, which can only be obtained when the molecules are 
extremely close together, and consequently very|minute. 

However, this observation would not be sufficient to explain the 
much greater plasticity of clay in relation to the majority of other 
pulverulent minerals. The difference proceeds from the fact that 
pure clay is in the form of lamellar crystals entangled one with 
the other. This form allows the grains to be closer together than 
if they were polyhedral or spherical, and this coming together has 
the effect of increasing the attraction in a strong degree. 

It is therefore seen according to this theory that the plasticity, 
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instead of being a special property, is simply the result of molecular 
attraction, and that like clay all bodies which are made up of 
laminated particles must become plastic when they are reduced to a 
sufficiently impalpable powder. This deduction has been verified 
by M. Vogt as regards mica. In reducing this mineral, which 1s 
made up of thin layers, very laminated, to the form of an impalpable 
powder, and adding water, he has succeeded in obtaining a body 
having a plasticity which can be compared with that of clay. 

From this it can easily be understood what happens when water 
is added to pure clay in the form of a dry powder. In the latter 
the crystals are mingled in all directions, in consequence leaving 
the maximum amount of space between them. By the addition of 
a sufficient quantity of water, the molecules of which take their 
place between the grains of clay, the latter are enabled to change 
their places, to obey molecular attraction, and to move parallel to 
each other. This grouping is evidently assisted by the manual or 
mechanical kneading of the body, which fact explains the increase 
of plasticity which is observed every time a clayey body is sub- 
jected to mechanical work. 

It is also clear that if a certain quantity of water is necessary 
to allow the grains to become displaced, and consequently to give 
plasticity to the body, an excess of water by driving the grains 
further away diminishes their attraction, and at a certain limit ends 
by destroying it entirely. 

By mixing other liquids than water with clay powder very 
different degrees of plasticity are obtained. Fat liquids such as 
oils seem to make a more plastic body than water, especially 
if the clay has previously been dried to take away from it the 
hygrometric water. On the other hand, alcohol, ether and essence 
of turpentine produce bodies of little or no plasticity. By 
mixing a clay body and water with glycerine the water 
becomes gradually absorbed by the glycerine, the clay loses its 
plasticity and becomes pulverulent. 

If a clay body mixed with water is left in a dry atmosphere, 
the water evaporates in a progressive manner. As long as the 
body preserves a sufficient plasticity, the departure of the water 
results in the grains of clay coming closer together in the pro- 
portion of the volume of water taken away. This diminution 
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in volume of the clayey body during the desiccation, the 
immediate consequence of plasticity, is known in ceramics as 
“shrinking”. When sufficient water no longer remains to allow 
the grains of clay to become displaced, the shrmking ceases and 
the evaporation of the last traces of water induces the forma- 
tion of voids in the interior of the mass. 

But the dry body thus obtained no longer resembles the 
original powder. It forms a resisting mass of a greater density, 
which is apparent. The displacement and re-arrangement of the 
grains of clay parallel to each other, as well as the shrinkage 
during desiccation, have sufficiently drawn the grains together 
to allow the molecular attraction to continue after the departure 
of the water in spite of the voids formed. This is not the 
case with the mineral powders, which do not possess the lamel- 
lar form of clay, since these, after having acquired a certain 
amount of plasticity by their mixture with a liquid, become 
dismembered and fall into powder when the liquid disappears. 

We have seen that at a temperature slightly higher than 
100° the hygrometric water was in its turn eliminated, and 
that the hydrosilicate of alumina began to become decomposed 
at about 400°. This decomposition results in the disaggregation 
of the crystals, and the complete loss of their plastic properties. 
If the temperature continues to rise, towards 700° or 800° the 
silica begins to combine with the alumina, and an anhydrous 
bisilicate of alumina is formed. This combination continues 
slowly in proportion as the temperature increases, and produces 
compression of the grains of the original clay up to about 1,200°, 
when the mass becomes compact. Then a second shrinkage 
results during the firing. The silicate of alumina thus formed 
is a hard amorphous body which constitutes the essential element 
of all ceramic productions. 

22, Formation of Pure Clay.—According to the theory gener- 
ally admitted, pure clay is the result of the decomposition, under 
the influence of water and carbonic acid, of certain eruptive 
silico-aluminous rocks, the composition of which can be repre- 
sented by the general formula, 

Al? 03, RO, nSiO?, 
Al?08 representing the alumina, sometimes mixed with a small 
quantity of ferric oxide (F’O*), or rarely of manganese oxide 
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(Mn?O*) ; RO ean be potash, soda, lime or ferrous oxide (FeO), these 
bodies being generally mixed, but one of them always being 
in a preponderating proportion ; finally nSiO® represents variable 
contents of silica. 

Decomposition takes place according to the general formula :— 

Al20°, RO, nSiO? + 2H30 = Al?05, 2Si0?, 2H°0 
(Silico-aluminous Rock) (Water) (Clay) 
+ RO (n - 2)Si0® 
The silicate RO(n — 2)S10? is generally partly soluble, so that 
there only remains clay mixed with the RO insoluble bases and 
a certain quantity of silica. 

Among the silico-aluminous rocks, which are admitted to be 
susceptible to the producing of clays, the most important are 
feldspathic rocks, granites, porphyry, gneiss, eurites, mixtures of 
feldspath, of quartz, and sometimes of mica. Feldspar itself 
is an anhydrous silicate of alumina and of alkalies, potash and soda. 
There are different varieties of feldspar, the two principal of which. 
are orthose with base of potash, and albite with base of soda. 

The chemical formula of orthose is :— 

K20, Al20%, 6Si02, or KAl2Si80's, 
that is a centesimal composition of 65°4 per cent. of silica, 18. 
per cent. of alumina and 16°6 per cent. of potash. 

The formula for albite is :— 

NaîO, Al*0?, 6Si02, or Na2Al3SitO1, 


or 68°5 per cent. of silica, 19°62 per cent. of alumina and 11°81 
per cent. of soda. These two kinds of feldspar are sometimes 
found mixed. 

In applying the preceding general formula to orthose we 
see that decomposition would take place after the following 


manner -— 
AO", K20, 68i02 + 2H?0 = Al"05, 28i0?, 2H*O 
(Feldspath orthose) (Water) (Clay) 
+ K?0, 4Si0? 


a 
(Silicate of potassium). 


Some chemists do not allow’ the formula given previously 
K?0, 4SiO? for alkaline silica, the second result of the de- 
4 
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composition of the feldspar, but employ for it the formula 
K?0, 3Si0°, the fourth equivalent for silica being found in the 
free state, and can either remain mixed with the clay or be 
taken away by water at the same time as the alkalies. 

This theory of the formation of pure clay by the decom- 
position of feldspathic rocks is confirmed by numerous examples 
of rocks, the decomposition of which continues to take place 
in our day. When the latter contain lime, there is found in 
addition carbonate of lime, which, carried away by the water 
and then deposited in sedimentary beds, has formed numerous 
calcareous beds, occasionally of a considerable thickness, which are 
as widely distributed as those of clay. The important part which 
the decomposition of feldspar plays in the formation of sedi- 
mentary beds can be estimated by observing that nearly three- 
fourths of the known surface of the earth is formed of gneiss 
and granite containing from 60 to 90 per cent. of feldspar. 

The variations in the composition of these rocks, as well as 
in the circumstances of the composition, also explain the for- 
mation of other hydrated silicates of alumina — halloysite, 
bauxite, lenzenite, severite—having the same composition as 
kaolinite, allophane, which apparently corresponds to the 
formula Si0?, Al?O0*, nH?O, pyrophillite, the composition of 
which is 5S8i0?, Al,O®, HO, and hydrated silicate of alumina, 
probably 48107, Al?O®, nH?O which is found in calcareous marls. 
However, it is also possible that some of these rocks may be 
direct eruptive productions, as some geologists suppose. 


(b) Natural Clays. 


23. Formation of Natural Clays.—In Nature we meet with 
a certain number of clay beds in which kaolinite is found mixed 
with the débris of rocks which have produced it. At other 
times these beds, instead of remaining intact in their original 
place, have been displaced by currents of water and carried to 
a short distance, where they form sedimentary beds, more or 
less polluted by the impurities suspended in the water. Such 
is the first phase of the formation of clays, characterised by 
the decomposition of the silico-aluminous rocks, and the de- 
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posit on the place, or at a short distance from the place, of 
origin of the original clay, or kaolin.! 

The differences in the composition of the original rocks, as 
well as in the foreign matters which are found mixed with 
them, explain the considerable variations which are observable in 
the composition of primitive clays. However, they have properties 
by which they are easily recognised, especially if by grinding 
and decantation the kaolin is separable from the impurities 
which it may contain. By this means a whitish powder is 
obtained, more or less tinted with yellow, light red, or grey, 
soft to the touch, although a little granulated, which, by the 
addition of water, forms a fairly plastic body, emitting that 
earthy smell which is so singular and so characteristic. Ex- 
amined under the microscope, it is seen that it is formed of 
very tenuous flat crystals of kaolinite, mixed with a variable 
quantity of débris of other crystals. 

If the currents, instead of simply displacing the kaolin, carry it 
rapidly away in their course, or if some existing beds are invaded 
by the course of the water, those materials held in suspension go 
down into the beds of the torrents; jostled, tossed, pommelled 
amongst the pebbles, they end by becoming pulverised and trans- 
formed into impalpable mud, which is deposited in the mouths of 
the stream of water, or in passages where the speed of the water is 
cut off after having left the heaviest rocks on the way. 

Sometimes these currents of water have hollowed their beds 
in the midst of rocks which are too hard to be sensibly dis- 
aggregated by their course, the materials in suspension have 
then remained free from any mixture, and, becoming deposited, 
have formed beds of plastic clay, that is to say, kaolinite of 
extremely fine crystals. 

But in the majority of cases the torrents have traversed 
over sandy, calcareous or ferruginous pieces of ground, which 
they have hollowed out and carried along in their course. At 
other times they have come in contact with pieces of water 
burdened with mud of various composition, or vegetable débris. 
When still water is reached all these materials held in suspension 


l From the Chinese kao, high, and ling, hillock, doubtless an allusion to the 
position of the beds of this clay in China. 
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are deposited simultaneously, and have resulted in beds very 
different in composition, superposed by layers also differing 
among themselves according to the circumstances of the passage 
of water and the course of the torrent. 

In this manner are formed sandy, ferruginous, calcareous 
and peaty clays. 

Such is the second stage of the formation of clays, char- 
acterised by the mechanical pulverisation of kaolinite and the 
deposit of the most diverse clays at a great distance from the 
original rock. 

In our day circumstances do not lend themselves any longer 
to the formation of deposits of plastic clay, but we are always 
seeing that of more or less impure clays which are deposited in 
the mouths of certain rivers, in lakes, or in the sea. 

In this second phase of the formation of clays, the hydro- 
silicate of alumina, under the influence of mechanical pulverisation 
in the midst of the water, has undergone an important modification. 
Examined under the microscope, it presents itself under the form 
of impalpable grains, very unctuous to the touch, variable in 
colour; by the addition of water a very plastic and flexible 
body results, a property which, added to the omission of an 
earthy smell, easily enables one to recognise clays and to dis- 
tinguish them from other minerals, 

24, Materials Mixed with Clays.—The materials which, mixed 
with pure clay, form numerous varieties of natural clays, can 
be classed under three divisions :— 

(1) Débris of non-decomposed rocks, which are usually of 
granite, porphyry, gneiss, quartz and mica. 

(2) Other products of decomposition: carbonate of lime, 
magnesia, iron, oxide of iron, etc. 

(3) Materials introduced by the streams and depositing them- 
selves at the same time as the clay. 

For this geological classification it is preferable, from a ceramic 
point of view, to substitute the following, based on the physical 
condition of the materials mixed with the clays,:— 

(1) Materials in impalpable grains which form an integral 
part of the clay, and which it is impossible to separate from it 
by grinding: silicates of alumina, mica, hydrated and quartzy 
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silica, carbonates of lime, magnesia, oxides and sulphates of iron, 
organic matters. 

(2) Materials in the form of more or less fine grains spread 
through the clay with a fair degree of uniformity, but insepar- 
able by grinding: quartz, mica, feldspath, carbonates or sulphates 
of lime or of magnesia. 

(3) Materials of varied form disseminated irregularly in the 
clay, separable by grinding or often even mechanically, which 
consist of accidental impurities: stones, shells, gypsum, sulphur, 
and iron ore. 

25. Materials not Separable by Grinding.-—Silicates of alumina. 
—The silicates of alumina which can be found mixed with kaolinite 
are very difficult to recognise, because there is no method of 
chemical analysis by which they can be separated. M. Le 
Chatelier proposed to seek to distinguish the different hydro- 
silicates of alumina by the temperature to which they must be 
brought to induce their dishydration. | 

By this method M. Vogt has been able to prove the presence 
of kaolinite in all clays, and in a few rather rare cases its mixture 
with other hydrosilicates of alumina, particularly of allophane. 

However interesting these researches may be from a scientific 
point of view, ceramically speaking, they are not very important, 
since the presence of silicates of alumina in pure clay does not 
modify its plasticity, and these, like the plasticity, are neutralised 
under the action of heat, giving place to a mixture of alumina 
and silica, the exact proportion of which is indicated by analysis. 

Feldspar and Mica.—It was generally admitted that the 
alkalies contained in clays were found in the state of impalpable 
powder of feldspar. M. Vogt has shown that this opinion is 
erroneous, and that alkalies exist in clays in a state of pulver- 
ulent mica. He has proved that, if we knew it, mica in coarse 
grains is not, or is very little, assailable by sulphuric acid, but it 
becomes so when reduced to an impalpable powder. When a clay 
is acted upon by this concentrated acid, the impalpable clay and 
mica which are dissolved are separated from the one part, and 
the feldspar and quartz from the other. This distinction is some- 
what important, since the pulverulent mica is plastic, whereas 
the feldspar powder is not. The variety of mica which is met 
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with in clays is a potassic mica, known in mineralogy as “‘ mus- 
covite ’’. 

_ Silica.—This can be found mixed with clay, either in the form 
of hydrated silica or in the state of quartzy crystalline silica. 
The presence of hydrated silica in certain clays is not absolutely 
proved, or can be found there in very small proportions, and has 
no influence on its plasticity. This hydrate disappears at a tem- 
perature just above 100°. The quartzy silica which is met with, 
on the contrary, nearly always is the result of the pulverisation 
of the quartzy rocks. The coarser parts are removed by grind- 
ing, but there are some the tenuity of which is so great that 
it is impossible to separate them by this process. They act as 
an antiplastic material. 

Carbonate of Lime or of Magnesia.—Carbonate of lime mixed 
with clay has two different origins. It may proceed from the 
decomposition and from the pulverisation of rocks containing 
lime, or it may be deposited by waters holding carbonate of 
lime in dissolution. It is known that water charged with car- 
bonic acid can dissolve a certain quantity of carbonate of lime. 
If this solution is mixed with clay, the latter retains the car- 
bonate. Kaolins do not retain more than 2 per cent. of carbonate 
of lime in solution, while plastic clays can absorb from 10 to 
20 per cent. of it. Carbonate of lime diminishes the plasticity, 
but in a less proportion than quartz. Carbonate of magnesia is 
less frequently met with in clays; it proceeds from the disaggre- 
gation of magnesia rocks, and acts like carbonate of lime. 

Iron Oxides.—These are found in clays, either in the state of 
anhydrous ferric oxide or in the state of hydrated ferric oxide. The 
ferric oxide generally proceeds from the decomposition of ferru- 
ginous rocks, and is in the form of carbonate of iron. Sometimes 
also it penetrates into the clay in solution, when it is combined with 
organic acids, such as “humus”. In both these states it can only 
subsist in the clay free from the contact of air, otherwise it is 
transformed into hydrated ferric oxide, the form in which it is nearly 
always found. These various combinations of the oxide, as well 
as hydrated ferric oxide, colour the clay with different tints, which 
are transformed into yellow or red, according to the proportion of 
oxide of iron, when brought to a temperature of 100°, at which 
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these combinations disappear at the same time as the hydrated 
ferric oxide loses its water of combination. 

The oxides of iron do not appear to diminish the plasticity 
of the clay, and they increase its cohesion after firing. Cer- 
tain clays can contain up to 2 per cent. and more of these. 
The beds of ferruginous clay can be deprived, entirely or in 
part, of the oxide of iron which they contain, while they are 
for centuries washed by waters containing organic acids in solu- 
tion coming down from marshes or turfy deposits. Such is the 
case, for instance, with the present white clays of Vallendar, near 
Coblentz, and of Grossalmerode, in the Palatinate. 

Sulphide of Iron.—Sulphides of iron appear to be formed in 
the beds of clay by the action, on carbonate of iron, of sulphur- 
etted hydrogen, which is evolved from organic materials in decom- 
position, It can be disseminated in the clay, but usually it groups 
itself in the form of nodules, about which we will speak later. 

Organic Materials.—Organic matter contained in clays may be 
due to three causes :— 

(1) Infiltration of soil in the bed of clay, as has been previously 
explained. 

(2) Deposit of clay in an estuary or marsh containing vegetable 
matter. 

(3) Mixture of bituminous rocks. 

In the first and third cases the proportion of organic matter 
is not very great, but in the second it may become considerable. 
Generally speaking, organic substances tend to increase the plas- 
ticity. When the clay contains a large proportion of them, they 
greatly augment the quantity of water which it absorbs, and 
consequently its shrinkage. They naturally disappear about 100°, 
and the carbon which remains is burnt during the firing. 

Various.—Some chemists have supposed the presence of hydrate 
of alumina in clays. This is, however, not proved, and it is much 
more probable that the excess of alumina which has sometimes 
been declared is due to some silicates which are richer in alumina 
than kaolinite. 

Moreover, sometimes clays contain, though in very small 
proportions, sulphate of lime, baryta, phosphoric acid, fluorine 
and some metallic sulphides. On rare occasions, and then in 
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very small quantities, we find oxygenated combinations of 
titanium, vanadium, molybdena, copper, chromium and some 
gold metal Again, Forbes found 0°62 per cent. of titanic acid in 
a red clay, and Seger attributes to vanadic and molybdic acids 
the yellow and green settlings observed on some pieces of terra 
cotta manufactured from clays in the north of Germany. In 
the clays forming the soil of the town of Philadelphia a little 
less than one-millionth of gold is found. 

26. Materials Separable by Grinding.— Feldspar.—This is only 
met with in considerable quantity in primitive clays. Being of 
laminated form, it can be scratched by quartz and fuses at 
porcelain heat in the form of milky glass. 

Quartz.—When this is in sufficiently fine grains it is a 
most excellent antiplastic material. It mixes very well with 
clay, and mitigates its too great plasticity and shrinkage by 
imparting to it peculiar properties during the drying and firing. 
Its grains are either round, or broken irregularly, very hard, 
slightly transparent, and infusible at porcelain heat. 

Mica.—This is found in the form of brilliant spangles, very 
small and flat, remaining for a long time held in suspension in 
water. It introduces alkalies into the clay in a small proportion. 
But in a much greater proportion it acts as an antiplastic 
material, because its laminated form disunites the clay and destroys 
the cohesion. 

Carbonates of Lime and of Magnesia.—These substances, in 
grains of an appreciable size, are very injurious and render a 
great number of clays unfit for any use. During firing they 
become transformed into caustic bases, which afterwards increase 
in volume when absorbing moisture, and cause the pottery to 
split. The carbonates are easily recognised by the effervescence 
which they produce in coming in contact with acids. Finally, 
there are sometimes found in clays in the form of grains, though 
always in small quantities, calcium sulphate, invariably injurious, 
calcium silicate and magnesium silicate neutral substances and 
ferruginous compounds. 

27. Accidental Impurities.—The impurities which are some- 
times found in clays, either accidentally or irregularly dispersed, 
are not as a rule mentioned in the analyses. 
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Quartz or calcareous stones and silex are easily separated 
<ither by hand or by suitable machines. 

Shells, of which the calcium carbonate is very noxious, con- 
taminate a great number of clays; they can only be taken away 
by grinding. Sometimes there remains no more than the 
impression of the shell, the carbonate of lime being disseminated 
in the clay. 

Gypsum is sometimes found in crystals of fairly large size 
and in lumps; it is easily separated. 

Ferrous sulphide, which, as we have seen, is formed in the 
midst of the clay, does not remain dispersed, but becomes 
agglomerated in the form of brilliant crystals of a fairly pro- 
nounced yellow colour, with a metallic lustre When these 
crystals are large they are easily removed, when they are small 
and numerous grinding must be resorted to. For coarse ceramic 
productions they may be left in the clay, but in the firing the 
sulphur is volatilised and the oxide of iron causes the materials 
around to fuse, thus forming cavities. 

Iron ore, red hematite and yellow limonite are fairly frequent 
in plastic clays) The large pieces are easily separable, the others 
act hke sulphide of iron, but without offering the inconvenience 
of causing the removal of sulphurous vapour in the firing. 

28. Classification of Clays.—From a ceramic point of view 
a classification of clays has an interest for those clays alone 
which are used in the manufacture of pottery ware. Therefore 
we shall not treat of fuller’s earth, saline clays, ochres, sand more 
or less fatty, of clayey marls, etc. It is expedient, moreover, not 
to take into account accidental impurities which may occur in them. 

But even after these eliminations, the same difficulties are 
met with in the classification of clays as have been noted in 
the classification of pottery ware. The varieties of clays are 
extremely numerous, forming a continuous series from kaolin 
up to the very complex materials into which pure clay only 
enters in a small proportion, about which there is some hesitation 
in classifying them under the head of clays. As in the case 
of ceramic ware, it is expedient to avoid making hard and fast 
lines of demarcation, and to be content with mentioning the 
principal types without being concerned with the exceptions. 
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These observations are sufficient to show that a classification 
of clays based on their geological formation, however interesting 
it may be from a scientific point of view, has no value ceramically, 
and that it is convenient to consider clays in the state in which 
they are found in Nature without taking into consideration the 
conditions of their formation. | | 

We have seen that clays can be divided into two classes, kavlins 
and clays properly so called, this distinction being based on the 
physical properties of hydrosilicate of alumina. In kaolins the 
grains of pure clay, being relatively less fine, are less plastic, 
lighter and of a less unctuous touch than in clays properly so 
called. The mere appearance and touch are usually sufficient 
for a ceramist to distinguish a kaolin from a clay. In cases of 
doubt one of the following two means of differentiation can be 
used: In mixing an equal volume of kaolin and of clay with 
a volume four to six times as large of concentrated sulphuric acid, 
the precipitation and clarification of the liquid takes place much 
more slowly in the case of the kaolin than in that of the clay; 
but if, after having drawn .out the liquid water, some ammonia 
is added, the kaolin then forms a precipitate, whereas the clay 
does not. In subjecting dry bodies to the action of a moderate 
heat (800° to 1,000°) a much lighter and more porous mass is 
obtained with kaolins than with clays. 

In each of these two classes the different kinds of clays are 
distinguished by the nature and contents of foreign substances 
mixed with hydrosilicate of alumina. From this point of view 
there is occasion only to consider five substances: Silica, 
whose chief action consists in diminishing plasticity; and four 
others — alkalies, oxides of iron, lime, and magnesia, which, 
with the exception of ferric oxide, increase the fusibility. The 
other substances only occur in proportions too small to consider- 
ably modify their properties and to make it worth while to take- 
them into account in a general classification. 

The class of clays properly so called being very extensive, it. 
is better to divide it at once into three classes :— 

1. Refractory clays, 
2. Vitrifiable clays, 
3. Fusible clays, 


+ 
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which, as their names indicate, are distinguished by the manner 
in which the clays resist the action of heat. 

29. Kaolins.—Kaolins are chiefly found in the form of lumps 
in the midst of other rocks: pegmatites, gneiss, granites, porphyry. 
More rarely they are found in sedimentary deposits. It is only 
exceptionally that they can be used in their natural state, be- 
cause of the numerous rocky débris, often ferruginous, which 
are mingled with their mass. A manual sorting must generally 
be resorted to in the working, followed by a process of grinding, 
so that the samples on which the trials and analyses are made 
are not usually natural products. 

The principal kinds of kaolin are the following :— 

Pure Kaolins do not contain more than from 5 per cent. to 
6 per cent. of silica and 2 per cent. of fluxes, the proportion of each 
of the fluxes taken singly being not more than 1 per cent. They 
are always brought to this degree of purity by washing, and pre- 
sent themselves in the form of a white powder, occasionally slightly 
tinted with yellow, grey or red, and very unctuous to the touch. 
After firmg they form a body of milky whiteness. 

They are used in the manufacture of porcelain and fine 

faience. , 
Alkaline Kaolins.—The only difference between these kaolins 
and the preceding is that they contain a higher proportion of 
alkalies, which can mount up to 5 per cent., coming from the 
mixture of feldspath and mica. In the meantime the proportion 
of oxide of iron rises sometimes to 2 per cent. 

They have the same use as the preceding, but it must be 
observed that a very careful washing results in taking away 
the greatest part of the alkalies. 

Silicious Kaolins.—In these kaolins hydrosilicate of alumina 
is mixed in a considerable proportion with quartz in the state of 
impalpable powder. This content of silica depends greatly on 
the care bestowed in the washing, it can rise up to 20 or 25 
per cent. These kaolins furnish a body of small plasticity, and 
are of a light granulous texture. They are used in the manu- 
facture of porcelain and certain kinds of faience, but for bodies 
which have no need to be very plastic. 

Alkaline Silicious Kaolins contain at the same time a con- 
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siderable proportion of alkalies and of silica, and partake of the 
properties and uses of the two preceding kinds. 

Ferruginous Kaolins.—These kaolins contain a quantity of 
oxide of iron which is too great to give an entirely white body 
after firing. 

When this content is not too high it is utilised in the 
manufacture of porcelain and faience of inferior quality. For 
a greater proportion they can be used in the manufacture of 
refractory productions, but on the condition that they have not 
too much alkali 

The chief beds of kaolin are :— 

In France.—Saint-Yrieix, Aixe, La Jonchére, Coussac-Bonne- 
val, Daumail-sur-Vienne, Condat, Isle, in Haute-Vienne; Beauvin, 
Les Collettes, Echassiéres, Diou, in l'Allier; Saint-Maurice, Serves, 
Hostun, in the Dréme; Tayac, Eyzies, Jumillac, in Dordogne; Espe- 
lette, in the Basses-Pyréndes; Azy-le-Vif, Saint-Pierre-le-Moutier, 
in the Niévre; Bouilly, in the Marne; Saint-Etienne-de-Crossey, 
in l’Isére; Saint-Sorlin, in Saône-et-Loire. 

In England.—St. Austell (Cornwall), Wareham (Dorset). 

In Austria.—Petschau, Oberbriez, Kottinken, Tresmosna, Zettlitz, 
in Bohemia; Steine, in Carniolia. 

In Germany.—Dolau, Lettin, Seilitz, Kélln on the Elbe, in Saxony; 
Hirschau, Tirschenreuth, in Bavaria ; Gruenstadt, in the Palatinate. 

In Denmark.— Bornholm. 

In the United States.—Woodbridge and Aurbey, in the State 
of New Jersey. 

In China.—Numerous beds of the Kiang-si. 

And, finally, those of Japan. 

30. Refractory Clays.—Clays are found in a sedimentary 
form, sometimes in rich and homogeneous beds, at other times in 
beds variable in appearance and composition. They always con- 
tain a certain proportion of water, which evaporates in a dry 
atmosphere. 

Refractory clays are distinguished by a dull appearance, with- 
out a sign of vitrifaction, which they preserve when fired at hard 
porcelain heat (1,350° C.); they can be divided into three classes : — 

Pure Clays.—In whith hydrosilicate of alumina is only found 
mixed with a few per cent. of silica and some traces of fluxes. They 
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are of a more or less greyish white, very unctuous, plastic in a high 
degree, producing, after firing, a body of a fine “matt” white. Those 
found on the market are generally washed. They are used for the 
manufacture of faience and certain kinds of porcelain. The beds of 
these are, relatively speaking, rare, and the variations in composi- 
tion which are met with in the same course necessitate a careful 
sorting. 

Refractory Plastic Clays.—These are distinguished from the 
preceding by a higher proportion of fluxes, the latter, however, 
not being sufficient to cause vitrifaction at porcelain heat. 

The proportion of silica can be raised to 20 per cent. They have 
usually a greyish or yellowish tint, rarely greyish. They are used 
in the manufacture of faience bodies, slightly coloured, and in that 
of refractory productions. These beds are fairly numerous, some 
are homogeneous and rich, others, on the contrary, necessitate a 
sorting. 

Refractory Silicious Clays.—These are only distinguished from 
the preceding by a higher content of silica, which can amount to 
50 per cent. Their plasticity is naturally less and their touch 
more or less granulous; their use is confined generally to the 
manufacture of refractory wares. The colouring is nearly always 
clear, generally greyish, sometimes yellowish. The beds of these 
clays are, relatively speaking, numerous, but this clay only comes 
from a summary sorting in the quarry. 

Among the chief refractory clay beds we can mention the 
following :— | 
France— 

Allier : Echassiéres. 
Aube: Villenauxe, Vendœuvre, Montpothier. 
Cher: Vierzon. 

Dordogne : Mussidan. 

Drôme: Saint-Vallier. 

Eure-et-Loir: Abondant. 

Gard: Uzès. 

Gironde: Pessac. 

Indre: Argentan. 

Indre-et-Loire : Langeais 

Isère: Moirans, 
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Orne: Sées. 
Puy-de-Dôme: Champ-blanc, Caupiére. 
Saône-et-Loire: Ecuisses. 
Seine-Inférieure: Forges-les-Eaux, Gournay. 
Seine-et-Marne: Montereau, Provins, Saint-Germain-Laval. 
Vaucluse : Bollène. 
Haute-Vienne: La Jonchère. 
Vienne: Fleuré. 
Belgium— 
Andennes, Bouffioulx, Hauterage, Saint-Ghislain. 
Great Britain — 
Devon : Newton Abbot. 
Dorset : Corfe Castle, Wareham. 
Worcester: Stourbridge. 
Northumberland: Newcastle-on-Tyne. 
Lancashire: St. Helens. 
Wales: Aberdare. 
Scotland: Garnkirk, Glenboig. 
Germany— 
Provinces of the Rhine and Palatinate: Hoehr, Hettenleidelheim, 
Gruenstadt, Vallendar. 
Hesse-Nassau : Grossalmerode. 
Saxony: Doelau, Lettin, Meissen. 
Austria and Hungary— 
Bohemia: Teplitz, Tremosna. 
Moravia: Blansko. 
United States— 
Woodbridge and Trenton, in New Jersey. 

81. Vitrifiable Clays.—These clays become vitrified more or 
less completely at porcelain heat (1,350° C.), but remain very nearly 
“matt” at faience heat (1,200° C.). They contain in consequence a 
higher proportion of fluxes than the preceding. According to the 
nature of what is found in them in a preponderating quantity, and 
their contents of silica, they are divided into plastic, ferruginous 
or calcareous alkalines. There can also be intermediary kinds: 
alkaline ferruginous plastics, for example. However, among these 
different kinds which can be met with in nature, there are two 
which, from their use and the number of their beds, deserve 


particular mention :— 
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Vitrifiable Alkaline Clays, whether plastic or silicious, serve 
as a base for the manufacture of artistic stoneware, sanitary ware, 
for chemical industries and paving tiles. Their colouring is generally 
deep bluish, inclining to violet or greyish, and in firing they give a 
body of which the tint varies from bluish white to a.deep pearly 
grey, or from yellowish white to brown. 

Vitrifiable Ferruginous Clays, nearly always silicious, can also 
be employed for the manufacture of sanitary stoneware, but are 
chiefly used for the making of paving tiles and vitrified bricks. 
Being of a yellow red, orange red or brown colour, they make 
a fired body of which the tint varies from brown to black. 

It is well understood that vitrifiable clays, as well as refractory 
clays, can be used in the manufacture of terra cotta; it is sufficient 
if the temperature does not pass the point of the firing of faience. 

The best known beds of vitrifiable clays, almost all alkaline, are 
the following :— 

France— 
Ardennes : Jandun. 
Cher: Henrichemont. 
Côte-d'Or: Pouilly. 
Nièvre: Saint-Amand-en-Puisaye. 
| Nord: Ferrière-la-Petite, Fresnes, Sars-Poteries, Saint-Amand. 
Oise: La Chapelle-aux-Pots, Savignies. 
Saône-et-Loire: Ciry-le-Noble, Palinges, Paray-le-Monial. 
Vosges: Jeanmesnil. 
| Belgium— 
Saint-Ghislain. 
Great Brtain— 
Wareham, Newcastle-on-Tyne, Longport. 





Germany— 

Vallendar, Hoehr, Bunzlau. 
Austria and Hungary— 

Kottiken, Ledez. 
United States— 

Woodbridge. 
Finally, the beds of China and of Japan. 

32. Fusible Clays.—Fusible clays vitrify, losing their shape 

at a low temperature, that of the firing of faience (1,200°). They 
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always contain rather a large proportion of silica. Some are, 
however, sufficiently plastic for use in the making of pottery 
ware, tiles, quarries, ete, while others, being too weak, can only 
be employed in the making of plain bricks. The chief flux is 
lime, alkalies being found almost always in a relatively small 
proportion. Among the numerous kinds of clay of this division 
four chief classes can be distinguished :— 

Plastic Ferruginous Clays, very variable in colour, but gen- 
erally rather dark, producing at firing a body the tint of which 
passes from orange red to brown. 

Plastic Calcareous Clays, becoming effervescent when in contact. 
with acids, very variable in colour, the fired body passing from 
orange to yellow, then to brownish or greenish yellow, according 
to the temperature. 

Silicious Ferruginous Clays, presenting themselves in the form 
of crumbling earth, generally of a yellowish or reddish brown, 
the body of which assumes, at firing, a red colouring passing 
to a more or less deep reddish-brown. 

Finally, Silicious Calcareous Clays, also in the form of crumb- 
ling earth, of a clearer tint than the preceding, becoming 
effervescent in contact with acids and forming wares having 
the same colouring as plastic calcareous clays. 

The beds of fusible clays are very scattered in Nature. They 
are found in all countries, thus it is impossible to give even a 
very limited summary of them. 

33. Analyses of Clays.— The following table gives some 
examples of analyses of clays. Too great importance need not 
be attached to the figures contained therein, or to the classifica- 
tion, because, on the one hand, in spite of the care bestowed in 
removing doubtful analyses, the methods employed by the 
different authors are variable, and do not admit of a rigorous 
comparison, and, on the other hand, the system of analysis does 
not give the exact information of rational analyses on the 
constitution of clays. But as this latter, based on the pre- 
liminary solution in concentrated sulphuric acid, is only too little 
used, we do not possess sufficiently numerous results to be able 
to reproduce them in the form of a table. 
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g os . 
a te. 
. ¢ | . | LS 
Localities djs 6 | 8 | s8 
é|/2)2| ¢ ÿ 4 | > 
= | 3 | X | & ga 
# |< | 9 | 8) À | < | aa 
Pure Kaolins. | 
Zettlitz (Bohemia) . - |48°12 | 36°30} 0°46 | 0°19} 0°19 \0-421! 17-78 
Kottiken (near Pilsen) . - |49°91/ 35°99; 0°68) ,, :0:‘3010:76 | 12-34 
Cornwall . - «  .|48°85}86-00} 0°75} ,, | ,, |0°96/18-00 
Schiraye (Japan) . . . | 47°74 |36°68| 0°42) 0-99! ,, |0°45/ 18-64 
Délau (near Halle) . . |48°15 | 87°03} 0-60| 0:27 0:30 | 0°82 | 12-76 
Zettlitz (Bohemia) . . | 45°68 | 88°54 0:90 0-08 | 0°88 0:66 | 13-00 
Alkaline Kaolins. 
Ledez (near Pilsen) . . |49°16 | 86°78} 0-81) tr. |0°28/1°18| 12-41 
Zettlitz (Bohemia) . . |[46°82138°49! 1-09! ,, | tr. |1‘40|12-86 
Tremosna (Bohemia) . - |49°48 | 86°64 0°66; ,, | 0°41/ 1°60) 11°99 
Les Colettes (Bes) (Allier) . | 47-20/36°40| 1°16] 0:29 | 0-08 | 2-07 | 12°73 
Saint-Yrieix (Haute-Vienne) |48°00/37-00|_,, 5 » | 2°50/ 18-10 
Les Colettes (Bis) (Allier) . | 46°91| 37-08} 0°87) 0-22 0-04 | 2°63 | 12°35 
Stlictous Kaolins. 
Halle . . . . . |52°25 | 82°15) 0:83 0°90) ,, | 0°45! 12°87 
Kaschkau . . . . |66°72/81-07| 0:59] ,, {0°22)0°51/11-18 
Sonnewitz . . . . |64°87 | 28°83) 0°83; ,, |0°50/1:39| 8:36 
Alkaline Silicious Kaolins. 
Tong-Kang (China)  . . |50°50 83°70! 1°80) ,, |0°80/ 1-90) 11-20 
Lettin . . . . - |57°08| 29°94) 0°65) ,, 10-4912:26| 9°87 
Sy-Kong (China) . . . |55-80; 30°30; 2-00! ,, |0°40/3°80| 8:20 
Ferruginous Kaolin. 
Gruenstadt (Palatinate) - | 47°38 | 85-05} 2°30) 0°16} 1°11) 3°18 10°51 
Pure Clays. 
Gay-Head (Massachusetts) . | 46:54/38-00| tr. » {0°50} tr. | 15-17 
Mussidan (Dordogne) . - |49°10| 87°60| 0°80) 0°80] tr. | 0°15! 12-30 
Devonshire? . . . - |49°60 | 87-40) _,, » » | » | 11°20 
Meissen . . . . - |45°30 | 87°24) 0°94) 0°47] ,, |0:86115°78 
Gloukoff (near Chermikoff) . | 46-35| 37-001 _,, » |0‘15| ,, | 16°50 
Altwasser (Silesia) - + |48°85| 86°30; 0°46] 0:19} 0°19 | 0°42) 17°78 
Abondant (near Dreux) _. | 50°60| 85-20} 0°40] _,, » | o |18°10 
Echassiéres (Allier)? .  ./49-00/84-00!_,, 9 » | tr. | 16°40 
Refractory Plastic Clays. 
Ruditz (Moravia) . . - [53°68133°64| ,, | 0‘2210-06| tr. |11°95 
Dover (United States) . - | 57°60 | 31°52) 0°88; 0°80/0°16/0°45! 9-09 
Argenton (Indre) . . . |48°40/ 30°00; 2°20/ ,, » | tr. | 18-00 
Pittsburg (United States) . |58-15| 92-23; 1:80] 0°80! ,, | ,, {12°00 
Gross Almerode (Hesse) . | 47°50! 84°37) 1:24] 0°50/1:00} tr. | 14:00 
Klingenberg (Vosges) . . | 48°32 | 82°48) 1°52) 1°64] tr. | tr. | 16°00 
Andennes (Belgium) . . [49-64134°78| 1°80] 0:68 | 0‘41 | 0°41 | 12°00 
Klinkau (Bohemia)  . . {47°15 | 38°55) 2°20) 0°22;1:06; ,, | 18-664 
Ebernhau (Nassau)  . - |53°46 | 33°75; 0°78 0-18 |0-82 2°45, 9°02 
Lautersheim (Prussia) . _.|49-00/88-09| 2-10] 2-00,0-20| , [18-56 
Muhlheim (Prussia) . . |47°74| 36-00! 2°57 0-40 | 0°38 1-05 | 11°81 
Brierley Hill (England) - |51°80/ 80°40; 4°14] 0°40'0°50| ,, |13-11 
Hettenlheim (Bavaria) . . [49-861 83-71| 2°00} ,, |0°21/2°66/11-18 
Stannington (England) - |48°04 | 34°47, 3-05| 0°66 | 0°45 | 1-94 | 11°15 
Goettweih (Austria)  . . |48°39 | 35-60! 3°12) 0°82; ,, |2-54 11:72 
1°23 | 1:02 | 2:01 | 11-88 


Blanko (Moravia) . . . [50°75 80°52, 2°75 


1 The proportion of water seems abnormal. 
2 The lime and magnesia are united. 
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Authors. 


Bischof. 
Seger. 
Salvetat. 
Steinbrecht. 


Bischof. 


Seger. 
Moller. 
Seger. 


Berthier. 


Maercker. 
Müller. 


Salvetat. 
Môller. 
Salvetat. 


Bischof. 


Salvetat. 
School of Mines. 
Berthier. 
Steinbrecht. 
Salvetat. 
Bischof, 
Berthier. 


v. Gohren. 
Berthier. 
Salvetat. 


Bischof. 
Balling. 
Bischof. 
Salvetat. 
Bischof. 
Henry. 
Bischof. 
Hambly. 
Knaffi. 


99 





$ These analysis, being somewhat old, appear to be wanting in exactness. 


4 Including 0°10 sulphuric acid and 0°06 phosphoric acid. 
6) 
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Localities. 





Montereau . 
Forges-les-Eaux . . 







Beleu (Ardennes) . . 
Gartsherrie (Scotland) . 
Canny-sur-Thérain (Oise) 
Lyonnet (Belgium) 
Etrépigny (Jura) . 
Namur . . . . 
Canny-sur-Thérain (Oise) 
Stourbridge . . 
Valendar (Prussia) 
Gottweith (Austria) 
Bornholm (Denmark) . 
Montereau . . . 
Theuberg (Bohemia) 
Kottinken (Bohemia) 
Oberkaufungen (Germany) 
Montabaur (Germany) . 
Niederpleis (Germany). 
Glasgow . . . 


















Hoehr (Germany). . 
Laemmersbach (Germany) 
| Ebernhahn (Germany). 
Baumbach (Germany) . 
Ledez (Austria) . 
Greppin (Germany) 
Mazeroul (Belgium) 
Crottensee (Austria) 
Brisan (Austria) 
Melnik (Austria) . 











Olomuczan (Austria) 

Tillendorf. . . 
Stourbridge (England) . 
Helingsborg (Sweden) . 






ous Clays. 


Loeben (Austria) 
Voitsberg (Austria) 







Clays. 
Livernon (Lot)  . 
Vaugirard (Seine) . 
Uellnitz (Germany) 
Moschheim (Germany) . 












Kinkora (U.S.A.) . 
Stoecken (Germany) 


Refractory Silicious Clays. 


Vitrifiable Alkaline Clays. 


Champ-blanc (Puy-de-Déme) 
Gournay (Seine-Inférieure) . 


- |60°76 
. [59°28 
- |66°76 | 20-94 


. 70:12 | 21-48 
. |64°58 ss 


26°84 
28°68 


. [54:99 | 27-91 
. | 49-64 ! 84-78 
. |61-82 , 34-28 
. | 58-82 | 22-14 
. | 40°87 | 36-22 


Vitrifiable Ferruginous Clays. 


Vitrifiable Alkaline Ferrugin- 


. | 58°27 | 28°22 
54 


Fusible Plastic Ferruginous 


Chesapeake Creek (U.S.A.) . 


. | 49°00 | 24°00) 6: 
. | 51°84 | 26°10; 4: 
. | 50°21 /17°15) 7: 
. | 54°28 | 22°47 11° 
57-00 | 21:50; 4: 

. | 57°30; 17-70} 6° 
2- 


"00 | 20°22 


. | 54°01 2788 


1 Including 4°90 bituminous substance. 
3 Including 2°10 bituminous substance. 
3 Including 1-00 sulphur and 8:80 carbon. 
* Including 0-56 sulphuric acid. 


Oxide of Iron. 


, |0:06!0-85 
60 


” 1: ” 
0°14 | 0°18 | 0-18 


1°42| tr. | ,, 


0°47| tr. | tr. 











arious. 


Authors. 


| Body in Firing 


10-00 Berthier. 
12°50 Truhod. 
8°64 Salvetat. 


11:05 Schwars. 
19-25! Maret. 


7-00 ” 
9°96 Salvetat. 
7°47 ” 
17-907 Maret. 
10-07 Percy. 
6°75 Salvetat. 
10°00 ” 
5°92 » 
10-25 » 
10°49 " 
9°85 Seger. 


9-48 Bischof. 
7-59 Eichhorn. 
8-66 Bischof, 


8-14 Brown. 
4-92 Seger 
6°55 ” 
7°26 n 
7°89 M 
448 | . 
9°87 » 
17°78 | Bischof. 
8°50 Chjzek. 
11-86 
12-14 » 
7-51 Knañii. 
6-39 Richter. 
17°34 Salvetat. 
9-00 | " 
5°89 Knaffl. 
10°11 | ” 
18-00 Berthier. 
14°58 Salvetat. 


7-05 Seger. 
Bruno Kerl. 


Fischer. 
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Authors. 


Body in Firi 
and Various. 


Fusible Plastic F'erruginous 

Clays (contd). 
Kroenningen (Germany)  .,57-70127-42| 6-88| 5- "20 (0: ° Wimmer. 
Longport (England) . - | 54°50 16-542 18-50 | 8- . . Salvetat. 
Ile Bourbon . . - | 41-87 |14°29% 27-71 ° 
les Witi . . - + | 8810 }15°513| 28-49 


Fusible Plastic Calcareous 
Clays. 
Lindener Berg (Germany) . | 59: . . . ° . Fischer. 
Labischin (Germany) . . | 46° , . . . ° . Michaelis, 
Schwartz (Germany) ù . 


Ecouen (Seine-et-Oise) . . | 52: ; . . ° ° . Bourry. 
Velten (Germany) . | 47° ; . ; ù . Seger. 
Chambray (near Tours). . | 49° . ‘ , , . Salvetat. 
Constance (Germany) . . . . . 


Fusible Silicious Ferruginous 

Clays. 
Villiers-le-Bel (Seine-et-Oise) 
Schwartzhutte (Germany) 
Gieszmansdorf (Germany) .|59-21,11-51 
Bockholm (Germany) . - | 70°22 | 18°67 


Fusible Silictous Calcareous 
Clays. 
Eberswalde (Germany). . 
Villiers-le-Bel (Seine-et-Oise) 
Schwartz (Germany) 

Le Havre . 





1 The proportion of water seems abnormal. 
? These clays give stoneware (= donnent des grès) at a relatively low temperature. 
+? Including 0°40 sulphuric acid. 


2. Various Raw MATERIALS. 


34. Classification. Materials other than clay and water which 
ean enter into the formation of ceramic bodies are divided into 
five classes, according to the object required in using them :— 

(a) Materials analogous to clay which can be substituted for 
it either entirely or in part. 

(6) Agglomerative and agglutinative materials intended to 
remedy a lack of plasticity in the body. 

(c) Opening materials for diminishing the plasticity. 

(d) Fusible materials for increasing the fusibility. 

(e) Refractory materials intended, on the other hand, to dimin- 
ish this fusibility. 
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(a) Materials analogous to Clay. 


35. Clays can be replaced, entirely or in part, by other 
hydrosilicates of alumina, which also possess a certain amount 
of plasticity, and harden similarly under the influence of heat. 
According to the researches of M. Le Chatelier it seems evident, 
however, that the majority of these minerals are not true silicates, 
but kaolinite mixed with hydrates of silica or of alumina. The 
following are a few details on some of those minerals which 
have been used in ceramics. 

Halloysite is a white oily material, plastic, having a great 
deal of analogy with kaolins. Its composition is very variable 
according to the places of production, as the following analyses 
will show. .The first is given by Brongniart, the second by 
Bruno Kerl :— 


Silica. . . . . . . 8990 44:94 
Alumina . . . . . . 24°00 89-06 
Water . . . . . . . 26:00 16-00 


On the other hand, the following is the composition of halloy- 
site of Breteuil (Eure) :— 


Silica. . . . . . . . . 41°80 
Alumina . . . . . . . . 47°80 
Oxide of Iron. . . . . . . . traces 
Lime . . . . . . . . . 0°84 
Alkalies . . . . . . . . . 0°76 
Water , . . . . . 9-80 


Halloysite has often been employed, but without great success, 
in the manufacture of porcelain. 

Lenzenite, a substance rather similar to the preceding, is found 
at Vilate (Haute-Vienne) and at Call in the Eifel — 

It is used sometimes instead of refractory clays, although it 
is not particularly infusible. Below are two compositions given 
by Brongniart and Bruno Kerl respectively :— 


Silica .… . . . . . . 27°00 80-00 
Alumina . . . . . . 37°00 86-00 
Oxide of Iron. . . . . . — 1-95 
Magnesia . . . . . oo 0°18 
Alkalies . . . . . . = 0:50 
Water . . . . . . . 25:00 21:50 


Collyrite and allophane contain, according to M. Le Chatelier, 
the same silicate of alumina, probably SiO?, Al’O%, nHO; the 
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first extracted at Saint-Sever (Landes). According to Brongniart 
it has the following composition :— 


Silica . . . . . . . . . 59-00 
Alumina . . : . . . . . 22°00 
Water . . . . . . 26°00 


According to the researches of M. Vogt, allophane is found 
mixed with kaolinite in certain clays. It is found in a pure 
condition at Saint-Antoine (Oise) and in Utah (United States). 

Cimolite is a friable stone, more silicious than the preceding 
minerals, having the formula 4Si0?, AO, nHO. It is met 
with in some of the islands of the Greek Archipelago, and 
particularly that of Cimolus (Argentiera), where it is used in 
the body of certain pieces of pottery. According to Klaproth 
its composition is as follows :— 


Silica . . . . . . . . . 93°00 
Alumina . . . . . . . . . 23-00 
Oxide of iron . . . . . . . . 1:00 
Water . . . . . . . . . 12-00 


In bodies magnesia plays a part which, from some points 
of view, corresponds with that of alumina. Hydrosilicates of 
magnesia can sometimes, at least, partially replace hydrosilicates 
of alumina. 

Among the former are talc and magnesite. Tale or steatite 
is found in the form of soft friable rock, of slight plasticity. 
In a pure state it is represented by the formula 4MgO, 5Si0?, 
nHO, but its composition varies according to its place of origin. 


Silica . . . . . . . 61°75 to 63-00 
Magnesia . . . . . . . 81:65 to 36°60 
Oxide of iron . . . . . . — to 200 
Water . . . . . . . 2:00 to 4:90 


Talc has been employed in Northern Italy and in the Canton 
of Grisons for the manufacture of large ceramic vases. It has 
also been used in Corsica and Egypt. 

Magnesite has been used in Spain for the manufacture of 
porcelain. It was found at Vallecas, near Madrid, and com- 


posed of— 


Silica . . . . . . . . . 54:00 
Magnesite . . . . . . . . . 24:00 
Water . . . . . . . . « 20-00 


Marls have sometimes been used in the place of clay for the 
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manufacture of common potteries Now they are only used as 
fluxing materials, and it is under this heading that they will 
be mentioned later on. 

Finally, we may note giobertite, or magnesium carbonate, 
always mixed with a little silicate, which has been used as a 
refractory material, and in Piedmont for the manufacture of 
porcelain ware, and finally, amianthus, which has of late been 
mixed with -certain bodies because of its fibrous texture, for the 
purpose of giving a certain amount of cohesion. Amianthus is 
an anhydrous silicate of magnesia, of lime and oxide of iron, 
the composition of which is rather variable :— 


Silica . . . . . . . . 52-00 to 61-00 
Oxide ofiron . . . . . . 2:00 to 20-00 
Lime . . . . . . . . 1:00 to 17:00 
Magnesia . . . . . . - 8:00 to 32:00 


(6b) Agglomerative and Agglutinative Materials. 


36. In the manufacture of refractory wares, particularly of 
those in silica, which should be obtained as pure as possible, 
clay has sometimes been replaced by an agglomerant taking 
possession of and giving a sufficient hardness to the body to 
allow it to be placed in the oven and then fired at a high 
temperature. 

For this purpose the following have been employed: lime, 
earthy oxide of iron, calcium and magnesium chlorides, alum, 
and potassium or sodium silicates. Further details on this subject 
will be found in the chapter on refractory ware. 

When the body is not sufficiently plastic to bear shaping, 
and when, on the other hand, its chemical composition cannot 
be modified, it is attempted to give it artificial plasticity by 
adding to the water of formation some substances which render 
it viscous, disappear afterwards at the firing and serve as 
agglutinants. 

For this purpose glue, gum, lichen, dextrine, soap, sugar, 
molasses, and, for very ordinary wares, tar can be used according 
to the nature of the body and the ware required. 

Agglutinative materials have been largely used for the manu- 
facture of French soft porcelain; it is used with a mixture of 
black soap and parchment glue, also with gum in the black soap. 
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Now dextrine is employed for the manufacture of porcelain 
flowers. The difficulty consists in discovering for fine products 
a sufficiently viscous substance which, after firing, does not leave 
a carbonaceous residue, and which, for coarse ware, is fairly 
economical. 


(c) Non-Plastic or Opening Materials. 


37. Use and Nomenclature. In order to give to ceramic 
bodies the plasticity needful for the mode of working adopted, and 
to reduce the shrinkage, clays must often be mixed with anti- 
plastic materials, that is to say—to employ a technical term—they 
must be “opened”. From this point of view a lean clay is an open 
one in relation to a fat clay. Thus, in the manufacture of fired 
bodies, silicious clays are often used to open the plastic clays. 

The non-plastic materials properly so called are divided into 
four classes :— 

1. Silicious and sandy substances. 

2. Calcareous substances. 

3. Carbonaceous substances. 

4, Pulverised fired bodies, called grog or rough stuff or grit. 

38, Silicious Materials.—Silica under all its forms plays a 
very important part in ceramics—the chief one after clay. Not 
only does it serve as an opening material, but, as will be seen, it 
acts either as a refractory material or as a flux, and is indis- 
pensable in obtaining the chemical composition required for 
pottery ware covered with certain kinds of glaze. 

Silica presents itself in two different forms, crystalline silica 
and amorphous silica, or, at least, the grains are sufficiently 
small to make it difficult to recognise a crystalline form in it. 

Crystalline silica has a specific weight of 26 to 27; it is 
not easily influenced by alkalies. In Nature it is met with quite 
pure in the form of rock crystal, almost pure in amethyst, 
chalcedony, quartz and silex, and more or less mixed with other 
materials in sands. 

Amorphous silica has a specific weight of 2°2 to 2°3; it com- 
bines very easily with alkalies, and shows itself in this form no 
matter what silicate is decomposed; it is therefore in this state 
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that it is found after the dehydration of hydrosilicate of alumina. 
In Nature it is found disunited in opal, in infusorial earth, ete. 

Crystalline silica is transformed into amorphous silica when 
it is combined with bases. This combination can take place at 
a low temperature with potassium and sodium; it is produced 
at the temperature of the firing of ceramic ware with alumina, 
lime, magnesia, oxide of iron. A high temperature also at length 
causes this transformation. In subjecting quartz several times, 
and for twenty to twenty-four hours each time, to the tem- 
perature of hard porcelain heat, the gradual progress of the 
transformation of crystallised silica to amorphous silica can be 
traced (Seger). 


Density.  Amorphous Silica. 
Crystallised Silica . . . . 2°662 — 
One firing. . . . . . 2598 41°16 
Five firings , . . : . . 2°501 — 
Ten firings . . . . . . 2°398 70°01 


This change in density has consequently a corresponding 
modification in volume. For an equal weight amorphous silica 
occupies a volume 16 to 17 per cent. greater than crystallised 
silica. This observation has considerable importance in the manu- 
facture of certain silicious ceramic wares. It explains the swelling 
and the destruction in firing of strongly quartzy wares and the 
absence of shrinkage of certain refractory wares in which the 
shrinkage of the silicate of alumina is compensated by the in- 
crease of volume of the silica. 

In ceramic industries silica is used as an opening substance in 
the form of quartzy silex and gravel. Under other forms it serves 
more particularly as a refractory material, and will be mentioned 
with the substances of that class. 

Quartz is found in the form of rock, granite, gneiss, mica-schist, 
but it cannot be extracted from these economically, and it is 
collected where Nature herself has separated these rocks into their 
component parts. Thus it is found in the erratic blocks in the 
neighbourhood of Saarbriick, or in the pebbles washed by certain 
rivers (pebbles of the Rhine). 

Before introducing quartz into bodies, it must first of all be 
pulverised. This pulverisation is usually preceded by a firing, 
which has the double advantage of transforming a part of the 
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quartz into amorphous silica, that is to say, diminishing the in- 
jurious effect of its subsequent swelling, and afterwards of render- 
ing the stone more friable and more easy to pound. 

Silex is found in thé form of pebbles, black or red, weighing 
from a few grammes to several pounds, in plots of ground of 
cretaceous formation. They can either be extracted directly or 
gathered on the sea shore, at the mouth of certain rivers, where 
the tides are constantly disaggregating the chalk cliffs. 

It is thus found in the mouth of the Thames ; but the most 
important place of exploitation is in the mouth of the Somme, 
where, over a length of more than 12} miles and a width of from 
10 to 1,650 feet, they form an inexhaustible bed, fed without 
ceasing by fresh deposits. 

These pieces of silex are heated in furnaces analogous to lime 
furnaces, then thrown into water and reduced to powder. Heat 
causes them to lose their colour, which has been due to organic 
substances. Pulverisation takes place either in a dry state in 
pulverisers covered with porcelain or stoneware to avoid the 
mingling of pieces of iron, or by a humid method in grinding 
mills. The first process, a little more costly, produces the more 
valuable wares. This industry was formerly carried on solely 
at Runcorn and Newcastle-on-Tyne (England), now the pebbles 
are similarly treated at Saint-Valery-sur-Somme. Quartz, and 
especially silex, are only used as opening substances in the 
manufacture of fine pottery ware, particularly of faience. 

39. Sands.—Sand is necessarily composed of quartz mixed 
with varying proportions of feldspar, mica, oxide of iron, car- 
bonate of lime or clay. When the proportion of these materials 
does not reach two or three per cent., the sand is said to be 
quartzy; it is feldspathic, micaceous, ferruginous, calcareous or 
clayey, whenever any one of these substances enters in greater 
proportion. 

Quartzy sand is pre-eminently an opening substance ; it presents 
itself in the form of grains more or less fine, round or sharp- 


edged. Since their size influences the quality of the ware, both 


from the point of view of plasticity and fusibility, this influence 
will be considered in the following chapter. But, as a general rule, 
sharp-edged sand grains are preferred to round; that is to say, 
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‘ quarry ” sand to “river” gravels. In fact, the former mingles 
better with the clayey matrix and adheres more strongly to it. 

Some quarries yield quartzy sand, which is naturally very 
pure, others necessitate the sand first being washed. 

Feldspathic and micaceous sands introduce into the body, at 
the same time as quartz, alkalies which act as fluxes. From the 
point of view of plasticity and cohesion, grains of feldspar should 
be preferred to spangles of mica. When the proportion of mica 
becomes too considerable, the sand must be rejected. It is true 
that it is always possible to wash it, for mica, on account of 
its lamellar form, which causes it to float in water, is easily 
separated by washing. 

Ferruginous sand is very much employed for terra cottas. It 
has been seen that oxide of iron increases the cohesion and gives 
hardness to the pottery. 

Calcareous sand must only be used when the lime found in it 
is in an impalpable form. The disaggregating action of the grains 
of lime has already been noted. 

Clayey sand, when the nature of the clay which it contains 
asserts itself, is an excellent opening substance, although less anti- 
plastic than pure quartz; it has, on the other hand, the advantage 
of more readily mingling itself with the clay. 

A great number of sands are met with in Nature which 
belong to two or several of the preceding categories, calcareous 
ferruginous, calcareous clayey, ferruginous calcareous clayey, etc. 
Their value, according to the purpose for which they are used, 
can easily be estimated from the preceding observations. In the 
rather exceptional cases in which suitable sand cannot be obtained, 
recourse can be had to washing, which is easily done, and at. 
small expense. 

Lastly, there is a class of sands which it is expedient to 
mistrust, these are saline sands, that is to say, those of which 
the deposits are formed in salt water. They introduce into 
pottery ware soluble salts, which produce, sometimes long after 
firing, efflorescence on the surface. 

40. Calcareous Materials.—Carbonate of lime, especially in 
the form of calcareous marl, is sometimes used for the opening 
of clays. However, the object of this mixture is more generally 
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to render the body more fusible or to give it a settled com- 
position, 

As opening substances, calcareous materials are little to be 
recommended ; besides their relative plasticity, which compels 
them to be used in large quantities, they are detrimental in 
introducing into the body water and carbonic acid, which render 
it porous. Carbonate of lime must necessarily be mixed in the 
form of impalpable powder, and it is necessary that the tempera- 
ture of firing should be sufficiently high to cause its decomposition 
and the formation of calcareous silicates. 

41. Carbonaceous Materials.—In the manufacture of common 
fired bodies, carbonaceous materials, of which the carbon disappears 
during firing, can be used advantageously as opening substances. 

For this purpose a great number of substances can be made 
use of, but it is sufficient to mention coal or coke dust, coal 
cinders, ashes or iron slag, wood sawdust, straw, débris of lignite, 
peat, tan, etc. 

The objection to the use of all these substances, though in 
a different degree for each, is that their ashes form with the 
clay fusible silicates producing specks and hollowing out cells in 
the fired bodies Some have calcareous schistous ash which 
occasions similar defects to the grains of carbonate of lime. 

On the other hand, they have the advantage of facilitating 
drying, diminishing shrinkage, of making the firing uniform 
and rendering the fired bodies lighter, which is often an advan- 
tage commercially. 

As examples of pottery made specially with opening substances 
may be mentioned American light fired bodies (terra cotta lumber) 
manufactured with sawdust, and water vessels for which porosity 
is the essential quality. More details on this subject will be 
found in the articles which deal especially with these kinds of 
pottery. . 

42. Pulverised Fired Bodies called Grog or Rough Stuff or Grit. 
—Firing by divesting clays of their plasticity transforms fired 
bodies into opening materials ; for this it is sufficient to pulverise 
them into grains of varying sizes, according to the purpose desired. 
In this way grit, more or less coarse, is obtained, which in 
ceramics is known by the name of grog or rough stuff. 
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This grog is a powerful opening substance, and of an exeellent 
quality. It has an advantage over quartz in not swelling under 
heat, and of being able to be pulverised in grains of different 
sizes, which enables the clay to absorb a greater proportion of 
opening substances. In fact, it can easily be demonstrated that 
in the same volume it is possible to introduce a larger quantity 
of grains of grit of different sizes than grains of uniform size. 

Besides its anti-plastic qualities, grog has the advantage of 
giving a more permeable mass, and of expanding less under the 
influence of heat than quartz. In consequence, fired bodies which 
have been opened by this means afford a much greater resist- 
ance to abrupt variations of temperature, a quality which is 
very important for certain refractory wares. 

Usually it is sufficient in manufacturing grog to grind fired 
bodies which have already been used, demolished refractory 
bricks, débris of saggars, crucibles, etc., for which there is no 
further use. On the other hand, the loss in firing offers an 
obstacle of which more than one manufacturer would willingly 
rid himself. 

However, in works which manufacture a large quantity of 
best refractory wares these sources are insufficient, and some clay 
is calcined specially. This is afterwards pulverised and employed 
as an opening material to the same clay which is not calcined. 
This method is indispensable for the manufacture of very alumin- 
ous wares, such as are used in the construction of kilns for 
certain chemical or metallic industries. The employment of 
quartz as an opening substance, besides having other dis- 
advantages, would be inadmissible in this case, because it would 
increase the proportion of silica too much. 

From the point of view of plasticity, it would be sufficient 
to heat the clay to 400° C. in order to render it lean, but generally 
it is preferable to carry it to a temperature at least equal to 
that of the firing in order to diminish the shrinkage in firing 
the ware manufactured with its use. 

In grinding, mills which yield a large proportion of round 
grains must be avoided, for, like quartz, and for the same 
reasons, sharp-edged grains are always preferable. 
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(d) Fusible Materials. 


43, Use and Nomenclature, It is known that clays harden 
more and more, then become vitrified when raised to a suff- 
ciently high temperature, which varies according to their com- 
position and physical texture. 

There is often an advantage in lowering the temperature at 
which this hardening or this vitrifaction takes place. For fired 
bodies a less costly firing of more resisting wares can thus be 
obtained. 

For faience wares the expansion of the body can be modified 
and made to correspond with that of the glaze. 

Finally, for stoneware and porcelain ware one can determine 
vitrifaction of the refractory clays, which enter into the com- 
position of the body, and for the decoration of a palette as much 
richer as the temperature of vitrifaction will be lower. 

From a chemical point of view fluxes are substances which 
form with the silica of the body multiple silicates, more fusible 
than silicate of alumina. For this end are used alkalies, 
potassium and sodium, lime, magnesia, and oxide of iron. To 
these basic fluxes must be added calcium phosphate, which at 
the same time acts by means of phosphoric acid and by means 
of the lime which it contains. 

Fluxes are therefore divided into alkaline, calcareous, magnesic, 
ferric and phosphoric calcareous. 

44. Alkaline Fluxes.—Alkalies can be introduced into bodies 
in three different forms:— 

(1) In the form of salts, such as are found in vegetable 
ashes, or as they are produced by the manufacture of chemical 
productions. 

(2) In the form of silicates or artificial borates, that is to say, 
from classes known in ceramics by the name of frits. 

(3) In the form of feldspars and of feldspathic rocks. 

Alkaline salts are not employed directly. As a small pro- 
portion of them only is necessary to considerably increase their 
fusibility, their homogeneous mixture with the body is difficult 
and uncertain. In very coarse pottery ware vegetable ashes 
have been able to be used. In all cases carbonates are to be 
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rejected because of the carbonic acid which they give off during 
firing, with a tendency to inflate the mass. Sulphates are pref- 
erable, but besides presenting the other inconveniences which 
have just been noted, they require, moreover, a high temperature 
for being decomposed. 

Frits, on the contrary, are in constant use in the manufacture 
of glazes, but they are little used in body mixtures. They will be 
particularly noted in the article on the manufacture of glazes. It 
will be sufficient here to say that for bodies, and because of the 
price, silicious frits are the only ones employed. They are manu- 
factured by fritting together silica and alkaline salts, the glassy 
substance produced being then finely pulverised. 

Instead of manufacturing frits directly, they are sometimes 
replaced by glass or débris of glass, which is found in the 
trade. 

This flux, because of its low price, can be used in the manu- 
facture of common stoneware. But, as in the case of alkaline 
salts, it is necessary to make a very careful apportioning and 
mixture. | 

Feldspar and feldspathic rocks are the alkaline fluxes which are 
most used. They are widely distributed in Nature, but are rarely 
pure enough to be of use. Their natural colour is not a sign of 
purity. Certain white feldspars become yellow, red or black at a 
high temperature, while others which are much coloured become 
white. They are first heated strongly, then reduced to. a fine 
powder, which is the form in which they are found in commerce. 

It is known that feldspars are silicates of alumina and of 
alkalies, potash and soda. They generally contain also a small 
proportion of oxide of iron, of lime, and of magnesia. In some 
cases the quantity of lime becomes too important to be neglected. 
There are a few beds of feldspar in France, in Haute-Vienne and 
Drôme, but the feldspars of Norway are used in great quantity, and 
these supply the chief European ceramic factories. 

Workable feldspars are also found in the Palatinate, in Bavaria, 
Silesia, Bohemia, Galicia, Finland, Calabria, and in the States of 
Maine and Delaware in the United States. The table given further 
on (pages 80-81) gives the composition of these feldspars. 

Among feldspathic rocks pegmatite is the most in use. It is 
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largely employed in France, where there are the important beds of 
Saint-Yrieix, and fairly often in England, where it is known by 
the name of Cornish stone, and is found in Cornwall. 

Other analogous rocks have sometimes been utilised, among others 
being porphyry, trachytes and basalts. Their composition is gener- 
ally very variable, as will be seen from the table given hereafter. 

45. Calcareous Fluxes.—Lime is introduced into bodies as a 
flux in the state of calcium carbonate, sulphate, or silicate. 

Carbonate of lime can only be used as a flux when the tem- 
perature of firing the pottery is sufficiently high to decompose and 
eliminate the carbonic acid. At a lower temperature the carbonate . 
only serves as an opening substance. In “mixtures” it must not 
be forgotten that there are for 100 parts in weight of carbonate, 56 
of lime and 44 of carbonic acid. 

The beds of carbonate of lime are very numerous. In ceramics 
débris of white marble, chalk, almost pure carbonates, calcareous 
heaps and marls are used. 

Marls are mixtures of carbonates of lime and hydrosilicate of 
alumina. According to the researches of MM. Le Chatelier and 
Vogt, this silicate is not kaolinite, in spite of the opinion gener- 
ally admitted ; it would correspond in reality with the formula 
Al?0?, 5Si0?, nHO. 

The composition of marls is very variable, not only according to 
the localities, but according to the layers of the bed. Calcareous 
marls containing from 20 per cent. to 40 per cent. of hydrosilicates 
of alumina are distinguished from clayey marls, in which this 
proportion reaches 70 per cent. to 80 per cent, They nearly always 
contain a certain proportion of oxide of iron, which can amount to 
7 per cent. or 8 per cent. 

Marls are more or less plastic, according to their contents of 
silicate of alumina, so that, generally speaking, clayey marls may 
be considered as relatively plastic substances, and calcareous marls 
as opening substances. 

Sulphate of lime can only be used for pottery ware fired at a 
high temperature, because it is with great difficulty decomposed. 

Its only advantage over carbonate of lime is its relative solu- 
bility in water, which allows it to be mixed more easily in bodies. 
But it must not be employed simultaneously with too strong a 
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CHEMICAL COMPOSITION OF 





Designations. Silica. Alumina. 
Feldspars with Potassium Base. 
Chanteloube (Haute-Vienne) . . . . . . | 64:00 20°56 
Bonnefond, near Bourganeuf (y ienne) . . . . . | 66-00 18°81 
Cambo (Pyrenees) . . . . . . . | 64:00 21:02 
Orjervi (Finland) . . . . . . . . . | 63-50 20°10 
Serdobole (Finland) . . . . . . . . . | 64:08 18°47 
Halle (Saxony) . . . . . . . . . | 62°76 19°20 
Quabenstein (Bavaria) . . . . . . . | 61:37 20°23 
Aue, near Schneeberg (Germany) . . . . . . | 66-00 17°59 
Sargadelos (Galicia) . . . . . . . . | 62°00 19°48 
Carlsbad (Bohemia) . . . . . . . . . | 64:50 19-75 
Oporto (Portugal) . . . . . . | 62-06 19-61 
Newcastle, Delaware (United States) . . . . . | 62-20 19-78 
Dixonplace, Wilmington (United States) . . . . | 58°70 23°95 
Feldspars with Potassium and Sodium Base. 
Arnage (Drome) . . . . . . . . . | 64°80 22-10 
Norway . . . . . . . . . . | 64°44 18°75 
” . . . . . . . . . . . | 64°98 19-18 
. . . . . . . | 65:23 18°64 
Bischoffteinitz (Germany) . . . . . | 65°35 19°88 
Hagendorf, near Weiden (Bavaria) . . . . . . | 64°80 19-83 
Odenwald (Germany) . . . . . . . . | 6792 18-90 
. . . . . | 64:40 18-91 
Arzberg (Fichtelgebirge, Germany) . . . . . . | 70-10 17°16 
Tirschenreuth (Palatinate)  . . . . . . | 64:08 21°73 
Chotoun, near Prague (Bohemia) . . . . . . | 62°71 20°51 
” " », . . . . . . | 63°21 22-93 
Feldspars with Sodium Base. | 
Chanteloube (Heute-Vienne) . . . . - . . | 67-63 | 20°48 
Calabria (Italy) . . . . . . . . [| 65°87 | 20°60 
Pegmatites. | 
Saint-Yrieix (Haute-Vienne) . . | . . . «| 7610 | 15-97 
. . . . . . . | 70°64 16°87 
Regensburg (Germany) . . . . . . . | 87°78 | 7°36 
Helston, Cornwall (England) . . . . . . . | ‘7484 18-46 
Frossasco (Piedmont) . , . - . . .| 7100 | 18-27 
China . . . . . . . . . | 75 to 76 | 13 to 16 
Porphyry . . . . . . . . . | 68 to 77 |! 9 to 15 
Trachytes .. . . . . . , | 70 to 79 | 15 to 17 
Basalts . . . . . . . . . . | 38 to 53 | 10 to 18 
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FELDSPARS AND FELDSPATHIC ROCKS. 








0:50 — 

0 to 0°40 tr. 8 to 3°5 2 to 5 2 to 4 |Ebelmen and Salvetat. 
O2to2 | 0:2 to 2 | 8 to 10 tr. — — 
0°5to1°5/02to0°5| 2to8 4 to 10 — 

6 to 15 | 2t012 | 2t0 16 | O5to38 | Oto6 — 


Oxide of Lime. | Magnesia. | Potash. Soda. Mong. Authors. 
| 
| 
— | ose — | 1499 = _ Malaguti. 
— | 0-40 — | 18°60 _ 1:16 i 
0-17 | 0°20 tr. 18-61 — 0-20 Salvetat. 
tr 0-30 tr. 16:10 tr. — Laurent. 
— | 067 0-18 15°24 — 1:02 Malaguti. 
tr. | 0°46 0°18 14:90 — 1:70 ” 
_ 0-39 0:16 | 15-75 — 1:81 ; 
— | 0°40 0°38 15-00 — — ” 
tr. + 0-36 0-12 | 15:72 _ 1-64 . 
1:75 | tr. _ 11-50 — — Klaproth. 
— ; 0°38 0°16 16:07 — 1:11 Malaguti. 
tr. | 0-58 0-50 | 15-14 _ 1:58 R 
tr. | 209 O31 | 12-64 — 1-65 i 
| 
tr. | — — 8-20 6°50 3°20 Salvetat. 
0-65 | 0-27 — 13°82 2°40 — Bischof. 
0-33 tr. 0°25 12°79 2°32 0:48 Seger. 
0-47 0-12 0°21 12°57 2°45 0:28 Bourry. 
0-33 — tr. 11°18 8°74 0°25 Seger. 
02 | — tr. | 1168 | 3-23 | 0-67 , 
1-28 , 2-02 0°39 1:87 6°93 0:60 Bischof. 
O67 | 0-74 — 18-76 2-17 — ” 
0-91 | 0°45 0°98 1°52 8°65 — ” 
0-93 | 0°53 0°78 1°48 10-08 — ” 
0-47  baryta283) tr. 9-44 4:08 0°21 Seger. 
0-45 3°62 tr 1°25 8°45 0°59 ” 
— | 0- — — 10°26 — Malaguti. 
tr. 0°38 0°20 tr. 11°10 1-20 ” 
| 
0-13 | 0°17 tr. 2°84 4°58 0°40 Salvetat. 
0-73 | 1°31 0°20 4°22 4:97 0°84 Vogt. 
0-64 0-29 _ 1-60 1-00 1:34 Malaguti. 
tr. | — 0-24 6-00 _ 0-96 i 
tr | 0°21 tr. 9:10 Salvetat. 
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proportion of alkalies, because in that case it can form alkaline 
sulphates, which are more difficult to decompose than sulphate of 
lime. 

It is well to calcine it before mixing in order to eliminate 
the considerable proportion of water which it contains. Many 
mineral forms of sulphate of lime or gypsum contain impurities: 
clay, oxide of iron, gravel, carbonate of lime, sulphate of strontia. 

Silicate of lime proceeds from the slag of blast furnaces. It 
is composed of silicate of lime and alumina, more frequently 
mixed with oxide of iron, magnesia, manganese and sulphur in 
the form of sulphate of sulphide. 

These very variable and very impure products are mentioned 
here because lime constitutes their chief flux. They are used on 
a fairly large scale for the manufacture of quarries in stone- 
ware or imitation stoneware. 

46. Various Fluxes.—Magnesia can be mixed with bodies 
either in the form of a double carbonate of lime and magnesia, 
which constitutes the natural rock known as dolomite, or in the 
form of silicate of magnesia or of tale Magnesic fluxes are 
used for the manufacture of certain porcelain ware, they also 
sometimes enter into the composition of glazes. 

Ferric Fluxes.—Oxide of iron only acts as a flux when it 
is in the form of a protoxide. In the form of sesquioxide its 
action is similar to that of alumina. It is added directly to 
bodies only for the purpose of colouring them. 

Phospho-Calcareous Fluxes.—Phosphate of lime is generally 
extracted from the bones of animals, but phosphorite can also 
be made use of. | 

The bones employed are chiefly those of the ox, and prefer- 
ably the hard bones of the extremities (The bones of horses 
and pigs are rejected because they give colour to the body.) 
They are dried, cleaned by boiling in water, calcined until they 
are entirely white, then finally pulverised. 

Phosphorite is a natural fibrous stone, found in Estramadura, 
containing up to 93 per cent. of calcium phosphate. Other less 
pure varieties are met with at Amberg, in Bavaria. 

Phosphate of lime is chiefly, if not exclusively, used in 
England for the manufacture of soft porcelain. 


ne re 
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(e) Refractory Materials. 


47. Only those materials are here dealt with which, mixed 
with clays, render them less fusible, and not substances which, 
like lime, magnesia, graphite, can of themselves give refractory 


. productions. The latter will be noted in the chapter devoted to 


the special manufacture of these wares. 

Without for the moment dealing with the complex question 
of the fusibility of clays, it is sufficient to say that for ordinary 
clays, which are always silicious, silica is the refractory element, 
whereas for bodies which are destined to be vitrified (stoneware 
and porcelain) it is alumina which plays this part. 

Silica is generally introduced into bodies in the form of quartz, 
silex and gravel. These materials have already been studied 
under anti-plastic substances, and it is not necessary to return 
to them. But silica has sometimes been used in other forms 
for the special object of utilising its refractory properties. 

Infusorial earth is formed by the débris of seaweed of the 
diatomic class and not the carapace infusoria, as was believed for 
a long time. In the undried state its weight is less than one 
kilogramme per decimetre cube; after drying it is reduced more 
than one half. Considerable beds of it are met with in Lüne- 
burger Heide (North Germany) and in Hesse. Its composition 
is given by the following analyses—the two first relate to the 
upper and lower layers of the beds of Oberohe and the last to 
a green clay of Neuohe :— 


Silica . . . . . . 87°86 74°48 79°80 
Alumina. . . . . O18 — 1:50 
Oxide of iron. . . . O78 0°39 2°60 
Lime . . . . . . 0-40 0°20 0°30 
Magnesia . . . ._ — 0-20 0°40 


Water and organic substances . 10°71 2443 15°00 


The composition varies greatly with the beds, but silica is 
always found in them with a density of 2:2 to 2°3. As in this 
form it lends itself better to the formation of multiple silicates it 
is less refractory than quartz. Meanwhile the exceptional lightness 
of infusorial clam renders it very useful for the manufacture of 
refractory wares employed for hearths of locomotive or marine 
boilers. 
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Gannister is the name given to a grit in England and the 
United States, which is found underneath the carboniferous for- 
mation ; it can be used either by itself, or mixed with a refractory 
clay. The following is its composition :— 


Silica. Alumina, O71 of Lime. Magnesia. koe in 

Gannister of Sheffield, No. 1 . 94:10 4°21 0°70 tr. tr. 0°69 
” » » No. 2 . 96°55 4°85 0°85 1-13 0-11 0°41 

” of Wales . . . 98°05 4°23 0°80 0°26 0°26 1:00 

» of Indianapolis, U.S.A. 98°48 060 0°57 — — 0:29 


Gaize is a porous rock, light, composed of more than 80 per 
cent. silica, half of which is in an amorphous form of alumina, 
oxide of iron, lime and magnesia. For the rest its composition 
is rather variable. It forms a geological layer in the cretaceous 
pieces of ground between the gault clay and glauconous chalk. 
It crops out in France at different points in the Ardennes and 
Oise. It can be used mixed with refractory clay. 

Bamboo sugar is extracted from the plant, more particularly 
in the Island of Java, whence it is sent to China and used in 
the manufacture of porcelain. Its composition is as follows :— 


Amorphous silica . . . . . . . 864 
Oxide ofiron . . . . . . . .  0‘4 
Lime . . . . . . . . . 08 
Potash . . . . . . . . - 48 
Organic substances . . . . . . . 05 
Water . . . . . . . . - 76 


The bamboo of South America contains a much greater 
quantity of potassium, and would become a flux. 
~ Alumina can be introduced into bodies in the form of 
hydrosilicates of alumina, more aluminous than kaolinite, which 
have been previously mentioned. But there exist other 
hydrosilicates of alumina which are not plastic, which are met 
with in Nature, and are fairly often used in ceramics because 
of their high contents of alumina. These are bauxites, rocks 
of very variable composition, often mixed with strong propor- 
tions of oxide of iron. As regards their refractory qualities 
the best bauxites are naturally the least ferruginous. But those 
also can be used, the contents of which contain a medium 
quantity of oxide of iron, on condition that they are subjected 
to a high temperature before being pulverised. 

There are numerous beds of bauxites in the departments of 
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Bouches-du-Rhône, Hérault, Var, Vaucluse and Charente. They 
are also found in Ireland, near Belfast, in Carniola, Croatia, Styria, 
in Germany, in the Province of Nassau, in Calabria and in Senegal. 
Below is the composition of some bauxites which are specially 
useful in ceramics, the three first from Veyrac (Hérault), the 
fourth from Croatia, the two last from Feistritz (Styria) :— 
Alumina . 70°38 68°50 64°84 56°82 64-60 54°10 


Silica . . 900 10°40 14-98 11°28 7°50 12-00 
Oxide of iron 5°20 8°44 5:88 1-60 2°00 10°40 
Water . . 15°59 21°10 14:80 24:20 24-70 21:90 


3. TRIALS OF Raw MATERIALS. 
(a) Trials of Clays. 


48. Methods of Trial.— The trials to which clays can be 
subjected are of two kinds: chemical trials, and physical or 
mechanical trials. 

The object of chemical trials is the determination of the com- 
position of clays. According to this class of ideas three different 
objects can be proposed corresponding to the distinct methods 
of analysis :— 

(1) The constitution of the clay can be investigated, that is 
to say, the determination of the nature and composition of the 
natural mineral substances which by their mixture have formed 
the clay. 

(2) It can also be proposed to discover the chemical “ global ” 
composition without being concerned with the form in which 
the various simple substances disclosed by analysis are combined. 

(3) Finally, the object. can be simply to find out if, and in 
what proportion, a certain substance is found in the clay. 

The object of physical or mechanical trials is to determine 
the chief physical properties either in an absolute manner or 
by comparison. The trials which can be made in this respect 
are three in number :— 

(1) Trials in view of determining the texture of the clay, and 
particularly the coarseness of the grains which constitute it. 

(2) Trials on its plasticity and on its shrinkage during 
drying. 

(3) Trials on its fusibility, its porosity and its shrinkage at 
ditferent temperatures. 
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49, Trials on the Constitution of Clays. — If the minerals 
which enter into the constitution of a clay, as well as the form 
and proportion in which they are found in it, could be deter- 
mined exactly by sufficiently simple and precise methods, all 
the properties of the clay would be able to be deduced therefrom 
without it being necessary to have recourse to other trials. 
Unfortunately, however, this is not the case, and trials on the 
constitution of clays have still the character of scientific 
researches, and are but little accessible in the daily practice 
of ceramics. 

The employment of grinding for the separation of pure clay 
from other substances mixed with it has been much praised. 
But as from the commencement the primary difficulty is met 
with of knowing to what point grinding shall be carried on, 
it is compulsory to admit that all grains not having r5vth of a 
millimetre of side shall be considered as clay. But this is an 
hypothesis which cannot be justified, since, as has been previously 
noted, the majority of materials mixed with clay, silica, alumina, 
lime, oxide of iron, can be found in the form of a sufficiently 
impalpable powder which cannot be separated from hydrosilicate 
of alumina by any mechanical process. It is well then only 
to consider grinding as a means of determining the texture of 
the clay, and not as a method of analysis. 

In the present state of chemistry the best processes by which 
information on the constitution of clay can be arrived at con- 
sists in submitting it to the action of sulphuric acid, first 
diluted, then concentrated. In subjecting a clay reduced to as 
impalpable a powder as possible in a capsule of porcelain, or a 
platina crucible, for several hours at a temperature of about 100°, 
to the action of sulphuric acid, diluted in five or six times its 
volume of distilled water, carbonates of lime and magnesia, 
hydrated oxide of iron, etc., are dissolved in this liquid, and 
these can be separated according to the general methods. The 
residuum, after being duly filtered, washed and dried, comprises 
silicates and quartz. It is then placed in a platina crucible, 
and, at a temperature of 300° C., subjected for fifteen to twenty 
hours to the action of concentrated sulphuric acid. The hydro- 
silicates of alumina as well as the powdered mica are attacked 


RAW MATERIALS OF BODIES. 87 


and dissolved, and the residuum is composed of quartz, coarse 
mica, and feldspar. It is well to repeat the operation a second 
time to see if it produces a fresh attack, and if the residuum | 
diminishes in weight. In this latter case it is necessary to 
begin a third operation until the weight remains constant. Thus, 
on the one hand, the weight of hydrosilicates of alumina and 
of powdered mica is obtained, and on the other that of quartz, 
feldspar and coarse mica. 

There is no process for the separation of hydrosilicates of 
alumina from mica, and one must be content with analysing the 
mixture; then the composition of mica being supposed known 
(potassic mica, muscovite), the estimation of silica and of alumina, 
corresponding to the contents in alkalies, is allotted. The remainder 
is attributed to hydrosilicates of alumina. Generally, if this pro- 
cess has been well carried out, the proportion of silica and of 
alumina thus found ought to correspond with the formula of the 
kaolinite. If such be not the case, and if a fresh trial give 
the same results, it would be necessary to conclude that there 
are, besides kaolinite, other silicates of alumina. It would then 
be necessary to have recourse to the method proposed by M. Le 
Chatelier, and employed by M. Vogt in his researches on the 
constitution of clays, a method which will be dealt with later. 

Regarding the residuum from the attack by concentrated sul- 
phuric acid, composed, as has been said, of quartz, feldspar, coarse 
mica, the last can be separated by washing, because, on account 
of its lamellar form, it remains for a longer time in suspension 
in water. Therefore a mixture of quartz and feldspar is obtained 
which it is impossible to separate. As previously, an analysis of 
it could be arrived at by supposing the composition of feldspar 
known (nearly always orthose), and then attributing to it the 
proportion of silica corresponding to the weight of alkalies and 
of alumina; the silica remaining will be considered as being due 
to quartz. 

The determination of the quantity of water evaporated by 
heating a clay to increasing temperatures can also give some 
information as to its constitution. In heating a clay to 120° up 
to the point when two successive weighings indicate no diminution 
of weight, a global weight is obtained which includes hygrometric 
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water, the water from the hydrates of silica, oxide of iron and the 
volatile parts of organic substances. If this same clay is then left 
for about ten days under an inverted glass vessel in a humid atmo- 
sphere, the increase of weight which it will evince will indicate the 
proportion of hygrometric water alone. 

On the other hand, by heating in contact with air for a fairly. 
long time, at a temperature from 600° to 700°, clay which has been 
dried at 120°, the fresh diminution of weight which will be ob- 
served corresponds to the water of the hydrosilicate of alumina, 
hydrate of alumina, and to the carbon of organic materials. By 
carrying on the same operation in a crucible hermetically sealed, 
or better, in a tube traversed by a current of carbonic acid, com- 
bustion of the carbon is prevented, the weight of which can then 
be obtained by observing the difference. The temperature must 
not be raised above 700°, or decomposition of carbonates would 
take place. 

Finally, referring to the different hydrosilicates of alumina, 
M. Le Chatelier has demonstrated that all these lose their water 
of hydration between 400° and 700°, with the exception of allo- 
phane and collyrite, which dehydrate at 120°. This observation 
has enabled M. Vogt to demonstrate the presence of allophane 
in certain clays. 

90, Chemical Analysis.—Although, as has been seen, the pre- 
ceding trials necessitate clever experimenters in order to be carried 
through properly, the “global” chemical analysis of a clay can, on 
the contrary, be made by any one accustomed to chemical mani- 
pulation. The following is the method most used :— 

One or two grammes of clay powder, dried at 120°, as it has 
been previously noted, are taken and mixed with five or six 
times their weight of carbonate of soda, which has been pre- 
viously melted and pulverised, then the whole is placed in a 
platina crucible, which is heated up to the complete fusion of 
the mixture. After cooling, the crucible is placed in a capsule 
and distilled water added, then, drop by drop, some hydrochloric 
acid until all bubbling has ceased. Then the crucible is taken 
away, it is washed, the water used for the washing being turned 
into the capsule, then the latter is heated slowly, so that all the 
water is evaporated and the solid residuum is maintained for two 
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hours at about 100°. Hydrochloric acid is again added, and the 
mixture is heated up to ebullition, then the liquid is poured on 
to a filter paper. The silica settles while the bases travel about 
in the form of soluble chlorides. The filter is dried, then cal- 
cined, the weight of the ashes, diminished by those of the paper, 
gives the weight of the silica contained in the tested material. 
To confirm this it is well to dissolve with heat this silica in 
carbonate of soda to see if dissolution takes place without re- 
siduum. If this is not the case analysis must be made again, 
since the attack of clay by carbonate of soda has not been 
complete. 

The liquid which has traversed the filter is divided into two 
equal parts after having been diluted with water. 

Into the first ammonia is poured until the liquid becomes 
alkaline, it forms a precipitate of alumina and oxide of iron 
which is allowed to remain for several hours. 

Then it is poured on a filter, is washed carefully with warm 
water, then the filter is dried, calcined and weighed. The weight 
obtained is that of the alumina and of the oxide of iron. 

The filtered liquid is heated until its volume is reduced by 
one half, then treated by an excess of warm oxalate of ammonia. 
It forms a precipitate of oxalate of lime which is filtered, 
washed, dried, and calcined to redness, then rapidly weighed, so 
as to estimate the lime in the form of caustic lime. 

Lastly the filtered liquid is treated by a solution of phos- 
phate of soda. Magnesia is precipitated in the form of ammonium 
magnesium phosphate, filtered, dried and calcined, and thus 
estimated in the form of pyro-phosphate of magnesia. 

The second part of the liquid preserved after the elimination 
of silica is employed for the determination of the oxide of iron. 
For this end one begins to turn all oxides of iron into prot- 
oxides by placing the liquid, which is freely acid, in a capsule, 
by boiling it, and adding small pieces of pure zinc until the 
liquid, from being a yellow colour, becomes colourless. Then 
a solution of permanganate of potash is poured on it, drop 
by drop, and this remains discoloured so lang as there is any 
iron in the form of protoxide. Directly the iron becomes trans- 
formed into peroxide the liquid assumes a pink tint. It is 
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sufficient to read the volume of the liquid so used to deduce 
from it the weight of the oxide of iron contained in the piece, 
and, by difference, that of the alumina It is well, from time 
to time, to verify the liquid named by dissolving a known 
weight of pure iron in hydrochloric acid. 

When it is desired to determine the alkalies, which ought 
always to be done by careful analysis, very finely pulverised 
clay is placed in a platina capsule mixed with fluorhydrate of 
ammonia. After some hours of heating, sulphuric acid is added, 
and it is evaporated to dryness. All the bases are then in the 
form of sulphates; they are dissolved in warm water, and, if 
the operation has been well carried out, no residuum should 
remain. In treating this solution with baryta water, alumina, 
oxide of iron, lime and magnesia are precipitated at the same time 
that it deposits sulphate of baryta. It is filtered, carbonate of 
ammonia is added to the liquid, it is again filtered, then the 
liquid is evaporated, calcined lightly to volatilise the ammonia 
salts. Then it is taken up again with water, and the same treat- 
ment is re-commenced with carbonate of ammonia in order to 
bring about the precipitation of the earthy bases. After fresh 
evaporation and a slight calcination alkalies are added, estimated 
in the form of carbonates. Calcining can also be carried on in 
the presence of sulphuric acid, and the estimation made in the 
form of sulphate. 

In ordinary analysis there is no advantage in estimating 
potash and soda separately. If, however, any one wishes to 
make this determination, the alkaline carbonates would be taken 
up by acidulated water, and heating would be carried on slowly 
up to drying, after having added some bichloride of platinum. 

91. Special Estimation.—Special estimations are employed 
when it is simply desired to know if, and in what proportion, a 
certain substance exists in the clay. 

The most simple of these estimations is that of hygrometric 
water, the content of which can be fairly variable with the 
same clay, so that sometimes account must be taken of these 
differences. It has been seen that this estimation is accom- 
plished by merely heating to 120° a given weight of powdered 
clay until two consecutive weighings show no further diminution. 
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It is often very important to know whether a clay contains any 
oxide of iron, and in what proportion it is found therein. This 
investigation can be made without difficulty by taking 50 grammes 
of finely-powdered clay, and subjecting it to sulphuric acid diluted 
with two to three times its volume of water. After having allowed 
the mixture to remain for twenty-four hours, it is diluted with 
water and filtered. The liquid thus obtained is placed in a capsule 
and heated, some pieces of pure zinc being added at the same time. 
All the iron is brought back to the state of protoxide, and, as has 
been previously said, it is treated by a solution of permanganate 
of potash. If it acts simply by confirming the presence of iron 
without estimating it, the clear liquid is poured off gently 
after the attack of sulphuric acid and an excess of ammonia is 
added; if there is some iron in the clay, a brown precipitate is 
formed in the case of peroxide, and a precipitate which turns brown 
in contact with the air if the iron is in the form of protoxide. 

Lime is also a substance which it is important to recognise 
in clays, especially when it exists in the form of a carbonate. This 
is done very simply by pouring an acid (sulphuric, hydrochloric, 
nitric, etc.) on the clay. If it produces an effervescence due to 
the evolution of carbonic acid, this is a proof that the clay contains 
some lime, and its proportion can be roughly estimated according 
to the intensity of the effervescence. In order to make a careful 
estimate, an analysis, such as has been previously indicated, must 
be resorted to. For fairly calcareous clays the following process 
can also be employed: In a light glass are placed 10 grammes of 
powdered clay, and this is diluted in water and the mixture 
stirred ; into a second glass, which must also be light, are poured 
about 10 grammes of acid, which is diluted with from two to three 
times its volume of water. The two glasses are then placed on the 
pans of a balance and weighed. Then the contents of the second 
glass are poured into the first, drop by drop, very slowly, so as to 
avoid a strong effervescence or a considerable heating of the liquid. 
When the ebullition has ceased the glass is shaken in order to force 
the bubbles of carbonic acid, which have been able to remain in 
the clay, to evolve. The two glasses are replaced on the pan, the 
difference of weight, which indicates the proportion of carbonic acid 
eontained in the clay, is determined, and the lime contents are 
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deduced from this. Of course if the clay contains organic sub- 
stances, this process is not applicable. The proportion of soluble 
salts contained in a clay can be easily determined by treating 
a certain quantity of clay (half to one ounce) for one hour in 
boiling distilled water. The mixture is poured on a filter, then the 
filtrate is evaporated to dryness, and the residuum weighed. It 
can be analysed according to the general methods. 

52. Trials of the Texture. —It has been seen that clays are formed 
of extremely thin lamellar grains of hydrosilicate of alumina mixed 
with other grains, very variable in size, depending on the nature 
and proportion of the other materials entering into the composition 
of the clay. It would, therefore, seem that a minute microscopic 
examination would enable one to determine the intimate constitu- 
tion of a clay, and, consequently, its properties Unfortunately, 
this kind of investigation presents considerable difficulties, which 
only few experimenters versed in micrography have been able 
partially to overcome. In ceramic practice the microscope only 
enables one to recognise the form and often the nature of the 
coarsest grains, consequently it only affords indications which 
are absolutely insufficient. One must be content to determine 
the proportion of grains of different sizes which the clay con- 
tains by examining the largest under a microscope or with a 
strong magnifying glass. 

The separation of grains according to their size could be 
etfected with a sieve, but the finest of these would be still too 
coarse and would give incomplete results; it is much better 
then to have recourse to grinding. This can be done in two 
ways: A clay reduced to powder can be placed in suspension 
in water with a strong agitation, then left to settle. The coarsest 
grains are precipitated rapidly, then the medium sized, and 
finally the finest parts remain for a long time in suspension, and 
do not settle for several hours, or even for several days. If the 
process is carried on in a graduated test glass, the number of 
divisions can be read which correspond to each size of grain. 

This method is very simple, but the results arrived at are 
inexact, because the particles which are at the bottom of the 
test glass at the moment of agitation remain mixed with the 
coarser grains. Moreover, the reading of the divisions is neces- 
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sarily left to the approximation of the experimenter. It is 
therefore better to have recourse to the second method, which 
is more complicated, but more precise. It consists in submitting the 
clay reduced to powder to a continuous current of water, the 
swiftness of which can be regulated at will It is understood 
that with a reduced speed only the finest particles are removed, 
then with greater speed the medium sized particles. 

Different apparatus have been constructed on L 
this principle. Fig. 1 represents the apparatus | 
proposed by M. Schulz. The clay is put into 3 
a glass into which water runs from a high 


Fis. 1.—Schulz Levigating Apparatus. 


reservoir, the speed being regulated to draw 
all the grains except the coarsest. The removed 
particles are brought into a second glass, which 
has a larger diameter, and where, consequently, 
the speed of the current diminishes and allows one Ap 
the largest grains brought down to settle. The paratus. 
same takes place in a third glass, larger than the second, and 
finally only the finest particles reach the lowest reservoir, where 
they settle. At the end of the operation it is sufficient to weigh 
the dried residuum contained in the different glasses. 

The apparatus shown in Fig. 2, invented by M. Schone, gives 
& more approximate solution of the problem. It consists of a 
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conical tube, A D, the height of which is from 23} to 254 inches, 
the diameter at B 1:97 inch, being reduced to 0°20 of an inch 
for the funnels D G and A L The clay to be tested is first 
diluted in water, then the mixture is poured into the tube A D, 
by the opening A, from which the india-rubber stopper is re- 
moved. Water is added until the liquid reaches the mark C. 
After having reunited the stopper with the tube A L, a current 
of water is made to pass which enters at G and makes its 
exit by a small orifice, K. The speed of this current is 
measured by the pesometric height which the water takes in 
the tube K L, to which is given a height of about 59-06 inches, 
and which is graduated to escape by the opening, K. The entry 
of the water being regulated by a tap, it is arranged that the 
level of the water rises, ¢.g., from 0°71 inch in K L, the current 
produced taking away the grains of less than ‘0039 inch, which 
are collected in a receiver placed under the orifice K. When the 
water which flows has become clear the speed is increased, the 
grains removed are brought into a second receiver, and the 
operation is thus pursued until the greatest speed is reached 
which the current can obtain by this apparatus, the particles 
then remaining in the tube being at least 0156 inch. The 
deposits in the various recipients are dried and weighed as 
formerly. In order that the orifice K may not be choked up, 
it is necessary to first sift the diluted clay in a sieve of 0°78 
inch mesh. 

According to Seger the different sizes of grains can be 
classified as follows :— 

Grains of less than ‘00039 inch considered as clay. 

Grains of ‘00039 to ‘00098 inch showing a certain amount 
of plasticity when held between the fingers, but yielding a mass 
which disaggregates on drying. 

Grains from ‘00098 to 00156 inch having no more plasticity, 
but the grains of which are not susceptible to the touch 

Grains from ‘00156 to 0118 inch, which form fine sand. 

And grains above ‘0118 inch, or coarse sand. The following 
table of tests, made by Seger on four different clays, is given 
to show the results which can be obtained by levigation :— 
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No. 1. No. 2. No. 3. No. 4. 


Grains of less than ‘00089 in. . . . 82:18 87°10 68°82 62-00 
00039 in. to ‘00098 in. . +. 11°16 20°24 10°88 2-14 

, “000% in. to 00156in. . . 852 13-84 9-08 1:84 

, 00156 in. to-O118in. . . 8-00 2846 10°64 11°58 

»  morethan‘0118in. . . 058 0-34 0-18 21-20 


The first clay can be considered as the type of plastic clays, and 
the fourth as that of silicious clays, numbers 2 and 3 repre- 
senting intermediary clays. When carried out with precision, 
levigation can give useful information and explain the singu- 
larities which certain clays evince during drying. 

93. Trials of the Plasticity.—The plasticity of a clay depends 
on three things :— 

(1) On the plasticity of the hydrosilicate of alumina which it 
contains. 

(2) On the proportion of this body relatively to other 
materials: | 

(3) On the nature, the size, and the form of the grains of 
these materials. 

This observation is sufficient to show that neither chemical . 
analysis, nor the proportion of alumina, nor the quantity of 
‘hygrometric water, nor the tests made by levigation can serve, 
as has been proposed, as a measure of plasticity. It is necessary 
to have recourse to direct mechanical tests. The most simple 
and almost the only one in use consists in moulding the clay 
in the hand, and estimating the plasticity by the touch. 
However primitive this means may be, it must be confessed that 
it is nearly always sufficient for ceramic purposes. However, to 
facilitate the comparison of clays among themselves, the follow- 
ing process, indicated by M. Bischof, can be recommended. 

A certain quantity of clay reduced to powder is dried at 
120°, and is divided into several parts, all having the same 
weight, 50 grammes for example. On the other hand, a quartzy, 
fine, dry sand is taken, and to each part of clay is added a 
given increasing quantity of it. 

An intimate mixture is made, water is added to form a body 
which can easily be shaped by hand, and a series of pellets are 
fashioned, which are left to dry. When the drying is complete 
these pellets, which are placed above a piece of white paper, are 
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rubbed with the thumbs, and it is noted if this rubbing disin- 
tegrates the dry body. If the proportions of sand have been 
suitable, the pellets which have the least of it remain intact, 
those which have the most are completely disintegrated, and 
an intermediary is found which forms the limit, only permitting 
at rubbing a small quantity of grains to be detached. The 
proportion of sand which it contained serves to measure the 
plasticity. 

M. Bischof desired to render this process more precise by 
employing mechanical arrangements to effect the rubbing, but 
it does not seem that this complication is to be recommended 
in the employment of a method which is not susceptible of 
great precision, and for which it is expedient to preserve its 
simplicity. In order that the tests may be comparative, the 
same sand must always be used; that of Fontainebleau seems the 
appointed one for tests in France. The quantity of sand which 
can be mixed varies from 0 to 3 times the weight of clay, 
according to its plasticity, and each pellet is made by adding 
* + more of its weight in sand than the preceding. If therefore 
a clay has been able to absorb thus 1} its weight of sand, i 
plasticity will be represented by 1°5. These being given, the 
following are the results obtained with some French clays :— 


Kaolin from Les Colettes (Allier) . . . . . . . . 23 
» from Beauvoir (Allier) . . . . . . 18 

Pure plastic clay from Cessey (Seine- -et-Marne) . . . . . 24 
Clay from Montpotier (Aude) . . . . . 21 
Refractory clay from Forges-les-Eaux (Seine-Inférieure) . . . 28 
” » Provins (Seine-et-Marne)  . . . . . 28 

» » Bollène (Vaucluse) . . - . . 2°5 

» »  Vandœuvre (Aube) . . . . . . 18 
Vitrifiable clay from La Chapelle-aux-Pots (Oise) . . . . . 23 
» » Jeanménil (Vosges) . . . . . . Lil 

Fusible plastic clay from Vaugirard (Seine) . . . . . 29 
” » Montmorency (Seine-et- Oise) . . . . 25 

” » Chalon-sur-Saône (Saône-et-Loire). . . 21 

» Saint-Henri (Bouches-du-Rhône) . . . 19 

Fusible silicious clay from La Châtre (Cher) . . . 12 
” » Chalon-sur-Saône (Sabne ot Loire . . il 

» ‘+ Charenton (Cher) . . . 10 

» » Fresnes (Seine-et-Marne) . . . . O85 

” »  Villiers-le-Bel (Seine-et-Oise) . . . Or 


On the other hand, M. Bischof gives the following figures 
resulting from experiments made with a quartzy sand :— 


RAW MATERIALS OF BODIES. 97 
Refractory clay from Andennes (Belgium). . , . . . 15 
» »  Mühlheim (Germany) . . . . . . 14 
A » Oberkaufungen (Germany) . . . . . 18 
» Grünstadt (Germany) . . . . . . 12 
Kaolin from Zettlitz (Bohemia) . . . . . . . O7 
Refractory clay from Saarau (Germany) . . . . . . 04 


These results do not appear comparable with the preceding, 
the sand used not being the same. 

It has been proposed to estimate the plasticity by forming 
with clay in the form of a body some briquettes having the 
form of those used for testing cements, by leaving them to 
dry, and by afterwards determining the amount of effort it is 
necessary to exert to effect a breakage. .As the clay shrinks 
it 1s necessary to measure the reduced section and to divide the 
weight which has effected the breaking by the surface thus 
found in order to have the effective resistance per square inch. 
It must, however, be admitted that although the figures thus 
obtained are interesting to know, they could not to any degree 
be considered as indicating the measure of plasticity. More details 
on this subject will be found in the following chapter. 

94, Trials of the Fusibility.—Tests on the fusibility should be 
made especially with the view of determining the manner in which 
the clay behaves under the influence of an increasing temperature ; 
its porosity; its shrinkage at different degrees of heat; the tem- 
perature at which it begins to vitrify; that of the beginning 
of its softening. As to the temperature of the fusion properly 
so called, it has no practical interest. These tests are the same 
as more important ones to which bodies and glazes are submitted. 
To avoid a repetition, therefore, this question will be dealt with in 
Chapter VII. on firing. 

It is expedient, however, to add that in reference to clays it has 
been sought to replace direct tests for fusibility by calculations 
deduced from chemical composition. By taking account of the 
equivalents, the ratio of the fluxes to alumina, of alumina to 
silica, are determined, the quotient of these two ratios being in- 
versely proportional: to the fusibility. This method, proposed by 
M. Bischof, only applies to clays which are clearly refractory. It 
will be mentioned more at length when dealing with the manu- 
facture of refractory wares (Chapter X.). 

7 
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(b) Trials of other Raw Materials. 


55. Other raw materials of bodies are sometimes tested for the 
purpose of affirming their composition and their purity. The fol- 
lowing are a few summarised notes on such tests :— 

Raw materials analogous to clay are tested by the processes 
which have just been indicated. 

For silicious substances, particularly for sands, “levigation” is 
often resorted to. But the latter is much more simple than that of 
clays, and generally it is only necessary to determine the proportion 
of earthy materials which they can contain. For this purpose it is 
sufficient to agitate a given weight of sand in a test glass full of 
water, to pour off gently the thick liquid, and to begin this opera- 
tion again until the water remains clear. The sand remaining is 
dried, then weighed, the difference of weight indicating the propor- 
tion of earthy materials. As the size of the grains of sand plays an 
important part, it is useful to determine it by means of successive 
sieves. At this trial an examination of the grains by a strong glass 
should also be made, which will enable one to recognise fairly easily 
the mineralogical nature of the sand. 

When it is desired to carry on the operation with accuracy 
this test is not sufficient, and chemical analysis alone is capable 
of revealing the traces of fluxes which the silicious materials can 
contain. As the fluxes can be in the form of feldspar, the material 
should be attacked by hydrofluoric acid, that is to say, by am- 
monium fluoride, according to the process indicated previously. 
Only, instead of treating the solution by baryta, which precipi- 
tates all the bases, it is divided into three parts In the first the 
alumina and oxide of iron are separated by ammonia, lime by 
oxalic acid, and magnesia by phosphate of soda. With the second 
the oxide of iron is treated with permanganate of potash; and, 
lastly, the third is employed for the determination of alkalies, 
according to the kiown process. Sands are also sometimes the 
object of tests of fusibility. 

Alkaline fluxes should be analysed by attacking them also by 
hydrofluoric acid. For calcareous fluxes it is sufficient to dissolve 
them in hydrochloric acid and to determine the alumina, oxide of 
iron, lime, magnesia, according to the general method. The insoluble 
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portion is considered as a mixture of quartz and clay, which 
can be separated by levigation, or analysed by attacking them 
with carbonate of soda or ammonium fluoride. 

The analysis of sulphate of lime should be preceded by a 
calcination at 200° C. in order to remove all water of the 
hydrates; then an attack is made for twenty-four hours, without 
heat, by carbonate of ammonia. Sulphate of lime is decomposed 
into carbonate of lime and into sulphate of ammonia. This last is 
separated by filtering, then the warm liquid is treated by chloride 
of barium, which precipitates sulphuric acid in the form of sulphate 
of baryta, the form under which it is treated. The filtered re- 
siduum is taken up again by hydrochloric acid, and the analysis 
is made in the same way as for lime. 


CHAPTER III. 


PLASTIC BODIES. 


Summary I.—Properties and Composition: Chemical Composition — Forms and 
Proportions of Water in Bodies—Texture—Consistency— Plasticity. 


Summary I1.—Preparation of Raw Materials: (a) Disaggregation: Processes of Dis- 
aggregation—Natural Disaggregation—Disaggregation by Heat—Stampers— 
Centrifugal Grinders—Ball Grinders--Chopping Machines—Vertical Mills— 
Rolling Grinders — Cutters — Granulators. (6) Purification: Processes of 
Purifying — Sorting — Sifting — Washing of Clays — Clay Blungers — Sand 

‘ Separators — Settling Tanks — Levigation of Sands — Ventilation — Electric 
Purifying—Chemical Purifying. 

Summary III.—Preparation of Bodies: Processes of Preparation of Bodies. (a) 
Preparation by Plastic Method: Apportionment of Raw Materials and of 
Water—Homogeneisation of Bodies—Grinding or Rolling— Pugging—Rolling 
and Pugging Combined—Preparation of Stiff Body. (b) Preparation by Dry 
Method. (c) Preparation by Liquid Method: Methods of Preparation by 
_Liquid Process—Blunging of Raw Materiale—Apportionment and Mixing in 
Liquid State—Sifting—Stiffening—Pugging and Wedging or Slapping. 


1. PROPERTIES AND COMPOSITION. 


96, Chemical Composition.—Besides hydrosilicates of alumina 
and water, which are their essential elements, plastic bodies con- 
tain four acids: silica, carbonic acid, rarely sulphuric and 
phosphoric acids, and six bases: alumina, oxide of iron in 
different degrees of oxidation, lime, magnesia, potash and sodium. 
Other substances, which are occasionally found in small quantity, 
are only accidental impurities of raw materials. By not taking 
water into account, the following figures indicate the proportions 
in which these different substances can enter into the “ global” 
composition of the bodies. 

Stlica.—Silica is the principal element of nearly all bodies. 
They generally contain from 55 to 80 ‘per cent. of it. This 
_ proportion is exceeded in refractory silicious wares, in which 
it can amount to 98 per cent. It does not reach this in certain 
refractory aluminous wares, in which it can be reduced to 20 
per cent. 
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Alwmina.—The proportion of alumina varies from 10 to 40 
per cent. It falls to less than 1 per cent. in silicious refractory 
bricks, but sometimes reaches more than 70 per cent. in aluminous 
refractory wares. 

Oxide of Iron.—Iron is generally present in the form of a 
peroxide. At this degree of oxidation its proportion varies from 
0 to 8 per cent., this figure being surpassed in certain stone- 
wares, when it reaches even 20 per cent. 

LIvme.—The amount of lime contents is generally between 0 
and 10 per cent., but for some terra cottas and faiences it can 
amount to 20 per cent. 

Magnesia.—Magnesia, which generally accompanies lime, only 
enters into the composition of bodies in a small proportion, except 
in rare cases when it does not exceed 2 per cent. 

Potash and Sodiwm.—These two bases are generally placed 
in analysis under the common name of alkalies. Their proportion 
varies from 0 to 5 per cent. Exceptionally, as in the case of 
vitreous porcelain, it can reach 17 per cent. 

Carbonic Acid.—This acid is found in bodies in combination 
with other bases, principally with lime. Its proportton can 
amount to 17 per cent. When the temperature is sufficiently high 
it disappears completely during the firing. 

Phosphoric Acid.—This acid is only introduced into bodies 
in the form of phosphate of lime for the manufacture of soft 
English porcelain. They can then contain as much as 35 per 
cent. of it. 

Sulphuric Acid.—This acid is generally combined with lime. 
Many clays contain small proportions of it, but it is rarely 
introduced voluntarily into the body. 

The chemical properties of substances which enter into the 
composition of bodies exert no influence on their preparation, 
their formation and their drying, but, on the other hand, play 
an important part during firing (Chap. VII, 5). When studying 
the composition which must be given to a piece of pottery in 
order that it may fulfil the conditions imposed on it, two points 
present themselves :— 

(1) The manufacture in question is carried on for the purpose 
of utilising a given clay, which is most frequently the case 
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for fired bodies. Its physical properties are first studied, research 
is made to discover what mixtures must be added in order that 
the body may easily lend itself to shaping and to drying. This 
being done trials are made in firing, and from the results 
obtained it is seen if there is any ground or not to modify the 
composition first adopted. In this case chemical analysis of the 
clay only indicates, a priori, if it can be used for the manufacture 
proposed. 

(2) The manufacture in question has as its aim the pro- 
duction of a certain class of ware, and it is necessary to find 
out by what mixtures this result can be obtained. 

This is generally the case with faience ware, stoneware and 


porcelain. 


This is based then on a given chemical composition, from 


analogy with similar productions, and, by comparing the com- 
position of substances which can be prepared, the materials 
which must be used and the proportions of the mixture are 
determined. Then trials are made to ascertain if the physical 
properties are suitable, and experiments in firing are made. 
From the results obtained the raw materials are modified, or 
the proportions of the mixture, or, if necessary, even the 
chemical composition first adopted. 

These trials are generally rather long on account of the 
many qualities the pottery ware must possess; the history of 
ceramic discoveries can prove this, but the use of chemical 
analysis, unknown to the ancients, enable them to be consider- 
ably shortened. 

The fairly long calculations, which’ the investigation of the 
proportions of a mixture of raw materials necessitates for the 
obtaining of a given composition, can also often be simplified 
by making use of the following graphic method, proposed by 
M. Bourgerel :— 

At the extremities of an horizontal line 20 centimetres long, two 
perpendiculars of 10 centimetres are drawn, which are marked off 
in divisions corresponding to the centesimal composition of the 
two materials which are proposed to be mixed together. 

Thus, for example (Fig. 3), in mixing a kaolin containing 
66 per cent. of silica, 30 per cent. of alumina, 4 per cent. of 
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oxide of iron, and a feldspar of the following composition : 76 per 
cent. silica, 10 per cent. alumina, 14 per cent. alkalies, the per- 
pendicular on the right is divided into three parts of 66, 30 
and 4 millimetres, and that on the left also into three parts 
of 76, 10 and 14 millimetres, then lines are drawn joining each 
of the points so obtained. 

If a graduated rule is passed from left to right of A B, the 
proportions can be measured of the different mixtures which can 
be obtained with the two substances in question, or if the con- 
tents of one of the elements. are prescribed the proportion of 
the others can be read and that of the corresponding apportion- 
ment of the raw materials. 

07. Forms and Proportions of Water in Bodies.—The water 
contained in bodies is in the state of water in combination, 
hygrometric water, and water of formation. 





Fig. 3.—Diagram of Body Mixtures. 


The water in combination is that which a body dried at 
120° C. contains, and which only disappears during firing at a 
higher temperature than 400° C. It has been seen that this water 
is supplied by hydrosilicate of alumina, which contains 13:90 
per cent. of it. It is only quite exceptionally that the water 
of hydrate of alumina, of halloysite, of lenzenite, of cimolite, 
of bauxite, of talc, of magnesite, etc, is added to it. As a 
general rule then, it can be admitted that the water in com- 
bination is proportioned to the alumina contents. A very simple 
calculation shows that for 100 parts of alumina there should 
be 3495 per cent., or, in round figures, 35 per cent. of water. 
As has been seen from the preceding, the alumina contents in 
anhydrous bodies varies from 10 to 40 per cent., consequently 
a body dried at 120° C. ought still to contain from 3°4 to 119 per 
cent. of water in combination. 
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Hygrometric water is that which a dried body loses in con- 
tact with the air and with the surrounding temperature when 
it is heated to 120° C. Usually the greatest part of this water 
proceeds from the absorption of the atmospheric humidity by 
pure clay. 

The quantity of water so absorbed depends on the tem- 
perature and the hygrometrie state of the air, it is therefore 
necessarily variable. For very plastic bodies it can reach 10 per 
cent. and fall to 2 per cent. for non-plastic bodies, the medium 
varying between 4 and 6 per cent.; the ordinary opening sub- 
stances, quartz, sand, carbonate of lime, are not hygroscopic. 

On the other hand, other substances can increase the proportion 
“of hygrometric water; these are hydrates of silica, oxides of 
iron, allophane, collyrite, and especially organic substances. These 
last when they are in a considerable proportion can even raise 
the contents of hygrometric water to 20 per cent. 

Water of formation is the water added to the body to give 
it the plasticity and consistency necessary to the mode of 
shaping adopted. It evaporates completely when the body is 
left for a sufficient length of time in a dry atmosphere. 

As has been seen, the action of the water of formation con- 
sists solely in getting between the grains of the body, giving 
to them a certain mobility, enabling some to be displaced by 
others. It should not only fill the spaces which are found be- 
tween them, but should also cover their surface with a thin, 
liquid layer. Its action is therefore purely mechanical, and its 
volume for bodies having the same amount of consistency only 
depends on the form and the size of the grains, and not on 
their chemical composition. It unites with the hygrometric 
water properly so called, and it is necessary in all questions 
relating to the plasticity to take note of this total quantity of 
water. 

98, Texture.—If plastic bodies were composed only of pure 
clay their texture would be represented by imagining grains 
of extreme fineness of lamellar form, very [close together and 
entangled one with the other, the spaces which separate them 
being filled by much smaller molecules still of water. 

The addition of other materials to pure clay has the effect 
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of modifying this view. All substances liable to enter into the 
composition of bodies have in fact much coarser grains than 
pure clay, a volume of 10, 100 or 1,000 greater. An idea of the 
texture of a plastic body can be formed by considering grains 
of varying coarseness, around and between which are much 
smaller grains of pure clay, the spaces being filled by molecules 
of water, infinitely small. 

If for the same quantity of clay the proportion of grains 
of other materials is constantly increased, there comes a time 
when the clay grains are not sufficiently numerous to surround 
the others, or even to fill the spaces which are left between 
them. From this moment the clay is no longer capable of 
cementing the other grains; if there. still remains a certain 
amount of plasticity the cohesion of the body is destroyed, and 
the latter crumbles into dust as soon as the water is evaporated. 
It is this limit of proportion of foreign substances which a 
clay is capable of agglomerating which one endeavours to find 
out by adding to a clay increasing proportions of sand up to 
the time that the dry body begins to crumble at the least 
rubbing. 

Moreover, it is clear that the smaller the grains are of anti- 
plastic materials, the less spaces will there be between them, 
and the more of them will the same quantity of clay be able 
to agglomerate. Hydrates of silica, alumina, peroxide of iron, 
and mica in impalpable powder seem to yield the finest grains, 
then come carbonates of lime and of magnesia, and finally 
feldspar and quartz. 

This illustration of the texture of bodies shows that the more 
antiplastic grains there are in a body, and the coarser these 
grains are, the less amount of water is necessary to give it an 
equal consistency. From this point of view the quantity of 
water contained in a body can serve as an indication of the 
coarseness of the grains of which it is composed. 

In the formation of three trial pieces, one with plastic clay 
containing 6 per cent. of hygrometric water, the other formed 
half of clay and half of carbonate of lime (chalk in impalpable 
powder), and the third of clay and sand (fine sand of Fontaine- 
bleau) in the same proportions, it has been found that the 
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following quantities of water must be added to 100 parts of 
dry materials in order to obtain bodies of equal consistency :— 


Pure clay . . . . . 85:5 per cent. 
Half clay, half carbonate . . . . 27s; 
Half clay, half sand . . . . . 195  ,, 


Remembering that there has been besides 6 per cent. of 
hygrometric water in the first body and 3 per cent. in the other, 
we see that— 


100 parts of clay require 41-5 parts of water. 
100 parts of carbonate require 19-9 parts of water. 
100 parts of sand require 3°5 parts of water. 

If, on the other hand, we consider a body in the form of dry 
powder, that is to say, containing only its hygrometric water, 
its volume can be diminished by beating it down, then by sub- 
mitting it to the action of a strong pressure. By these operations 
the smallest grains are forced to place themselves in the spaces 
_ left between the larger, but it is impossible, whatever pressure 
is exerted, to entirely fill the spaces. 

It is agreed that hydrosilicate of alumina has a density of about. 
2°4 As bodies contain a more or less large proportion of silica, 
the density of which varies from 2°6 to 2°7, that of the bodies 
varies between 2°4 and 2°5 when they contain neither hygro- 
metric water nor water of formation. | 

By strongly compressing a dry body at the utmost an 
apparent density can be given to it, that is to say, that it will 
always contain at least about 20 per cent. of spaces. 

The addition of water to bodies evidently diminishes their 
density: the density of bodies containing from 25 to 30 per 
cent. of water in weight is from 16 to 17. If, after formation, 
this water is allowed to evaporate, the dry bodies resulting have 
a density apparently varying from 1°82 to 1°73. 

Thus a plastic body containing only 5 per cent. of hygro- 
metric water, compressed at a pressure of 23:66 hundredweight per 
square inch! in the form of tiles of ‘47 inch in thickness, 
had an apparent density of 1°98. This same clay when prepared 
in the form of a body and dried had densities of 1°74 and 1:79,. 


1These tiles have been manufactured by MM. de Smet & Cie, Lille. The 


pressure noted has not been able to be surpassed, because beyond that the clay 
sticks to the moulds. 
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according as the body had been slightly or strongly ground. 
Then being placed in suspension in water and left to settle 
slowly, and afterwards dried, it gave a dry body of 1°82 apparent 
density. In the first case there was 19:2 per cent. of space, 29 
and 27 per cent. in the second, and 25°7 per cent. in the third. 

We must also note that dry bodies always contain air, and 
by the addition of water this air is not often completely elimin- 
ated. In plastic bodies it can remain in the form of bubbles. 
When this is the case it can be observed that the body, after 
having been compressed slightly, increases in volume in con- 
sequence of the electricity of the air. 

59. Consistency.—The consistency which it is suitable to 
give to a body depends on the mode of formation to which it 
is desired to subject it. From this point of view the following 
distinctions are made in ceramics :— 

(1) Dry bodies, which can only be agglomerated under a 
powerful pressure, and which even in this state always preserve 
a granulous appearance. 

(2) Stiff bodies, which also need for agglomeration a mechanical 
pressure, although not so great; the wares resulting are smooth, 
and offer the same resistance as leather to the pressure of the 
finger. 

(3) Half-stiff bodies, which can be shaped, though with 
difficulty, by hand, but uniting badly under the simple pressure 
of the fingers. | 

(4) Half-soft bodies, which can be shaped and welded easily 
by hand, and preserve the form which has been given them. 

(5) Soft bodies, which do not lend themselves well to shaping, 
but stick to the fingers. The objects formed have a tendency 
to lose their shape under their own weight. 

(6) Liquid bodies, fluids, which have to be placed in receptacles. 

According to this classification, it is seen that the consistency 
is estimated by the touch. Up to the present this method, 
certainly very rudimentary, has been sufficient for all purposes, 
and it seems probable that it will be so in future. If, however, 
for more exact experiments, the usefulness of an exact measure 
is felt, a needle having a given section could be employed; for 
example, a needle 039 inch square, weighing from 1:60 to 3:20 
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ounces, could be allowed to fall from a height of 393 to 7°86 
inches on the body of which it is desired to determine the 
consistency. The depth to which it penetrates, measured in 
millimetres, would serve as a measure. 

The quantity of water which a body must contain to take 
the different degrees of consistency depends, as has just been 
said, on the texture: open bodies require much less than plastic. 
It is difficult, taking into account the considerable digressions 
which can be produced, to indicate even approximate figures. 
Thus the following proportions ought only to be taken in virtue 
of indications, the smallest number corresponding to very open 
bodies, and the highest to very plastic bodies. 


Hygrometric Water and 


Consistency. yater of Formation. 

Per Cent. 
Dry Body . . . . . ; . . FT to 18 
Stiff body . . . . . . . . 10 to 20 
Half-stiff body . . . . . . . 12 to 25 
Half-soft body . . . . . . . 15 to 80 
Soft body . . . . . . . . 17 to 35 
Liquid body above. . . . . . 20 to 40 


60. Plasticity.—The causes of the plasticity of pure clay, 
the influences which other materials mixed with bodies can 
have on this property, as well as its measure, have been 
studied in the preceding chapter. It now remains to examine 
in what limits it can vary according to the degree of consist- 
ency of the body and the pressure to which it is subjected 
during formation. 

If to a moderately plastic dry body is added more and more 
water, the observation is as follows: The body, first devoid of 
plasticity to the touch, gradually assumes it; it can at first be 
moulded with difficulty, then more easily, and finally be formed 
with the greatest facility. But if from this moment one con- 
tinues to increase the proportion of water, the body begins to 
adhere to the fingers, then it soon becomes impossible to form it. 

There exists then for this body a given proportion of water, 
for which the shaping by hand is easiest. With less water too 
considerable an effort must be exercised, with more water it 
lacks cohesion and sticks to the fingers. For a moderately 
plastic body the consistency which corresponds to this proportion 
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of water is that which has been noted under the name of “half- 
soft body ”’ in the preceding article. 

If the same experiment is begun with a more plastic body, 
it will be observed that the most favourable proportion of water 
for moulding by hand corresponds to a stronger consistency, 
that of a half-stiff body; if it is desired to give it the consist- 
ency of a half-soft body, it will adhere to the fingers and will 
allow of no further shaping. Now, as the body at this half- 
soft consistency does not lend itself well to shaping by hand, it 
is seen that it is only possible to shape this body by hand by 
opening it, that is to say, by diminishing its plasticity. 

The same observations could be made, but in an inverse , 
sense, for an open body. The latter only acquires the desired 
plasticity by having a very soft consistency, which does not 
allow it to support itself and to preserve the given form. It 
must be rendered more plastic if it is desired that it should 
lend itself well to shaping by hand. 

The plasticity of bodies which are to be formed by hand 
must be comprised between two limits—maximum and minimum— 
in such a manner that when they are given the consistency of 
a half-soft body they can be shaped without adhering to the 
fingers, and without being too open. In returning to the method 
described in the preceding chapter for measuring the plasticity, 
we can say that bodies must be able to absorb from once to 
twice their weight of sand to remain between these limits. 

If now, instead of dealing with the formation by hand, we 
consider it done by means of mechanical machines, in which the 
body is subjected to a much stronger pressure, we shall see 
that in order to obtain the same plasticity, less water must be 
added to the body, that is to say, it will be expedient to form 
it with a stronger consistency. Pressure then plays the same 
part as water in relation to the plastic qualities of bodies, the 
one can partially be replaced by the other, or, in other words, 
when one increases the other should diminish. 

In returning to the trials of the texture of bodies, we see 
that a plastic clay has been shaped with the minimum of water 
which it can have, that is to say, only containing 5-0 per cent. 
of hygrometric water. The pressure has been 1,161 lb. to the 
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square inch; it would have been impossible to increase it be- 
cause the clay would have adhered to the mould On the other 
hand, trials have shown that the same clay, placed in the form 
of a body containing 229 per cent. water, began to adhere to 
an iron mould for a pressure of 28°83 lb. per square inch, and 
that for a body having 26:4 per cent. of water a pressure of 
5-64 ounces was sufficient to determine adherence. 

If it had been desired also to shape a more open clay in 
dry body, the pressure would have had to have been increased 
in the same way as, in order to shape it by hand, one is led 
to give it a softer consistency. 

The relations which must exist between the plasticity on 
the one hand, the consistency and the pressure corresponding 
to the mode of formation adopted on the other, can be summarised 
in the two following propositions :— 

(1) Given a body of fixed plasticity, there exists a maximum 
of pressure and a minimum of consistency between which the 
body can be formed. 

If the body is too plastic, this maximum pressure will be 
less great, and, on the other hand, the minimum of consistency 
will be too great to permit of formation by hand, or by a 
slight pressure. If the body is too open the maximum pressure 
will become considerable and the minimum consistency will yield 
a body which is too liquid to be able to be formed. 

(2) Given a mode of formation corresponding to a pressure 
and consistency which are fixed, the plasticity of the body em- 
ployed can only vary between certain limits. 

If it is too plastic if will adhere to the machines used for 
formation. If it is too open its grains will not unite among 
themselves, and it will be impossible to make a compact mass 
of them. 

It is then of the highest importance to choose well the 
mode of formation for a body of given plasticity, or to duly 
give to a body the plasticity suitable for the mode of formation. 
We shall see presently that the solution of these problems is 
often rendered more difficult by the special qualities which the 
bodies must have in order to give good results in drying and 
firing. 
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The properties of plastic bodies having been thus defined, 
we shall study the processes employed to manufacture them. 


2. PREPARATION OF Raw MATERIALS. 
(a) Disaggregation. 


61. Processes of Disaggregation.—The aim of disaggregation 
is to place the raw materials which are found in the form of 
rocks or of agglomerates in such a condition that they can be 
afterwards more easily mixed and transformed into a body. It 
does not concern itself with pulverising them, an operation which 
can be made subsequently in the manufacture of the body 
properly so called, but only with grinding or dividing them. From 
this point of view raw materials can be classified in three 
categories :— 

(a) Clays, sometimes dry, sometimes humid, friable in them- 
selves, but sometimes containing fragments of more or less hard 
rocks. 

(6) Rocky materials, or soft agglomerated. 

(c) Hard rock materials. 

The processes of disaggregation, naturally variable according 
to the nature of the materials to be treated, are three in number :— 

(1) Natural disaggregation, applicable only to clays. 

(2) Disaggregation by heat, sometimes employed for clays and 
hard rocks. 

(3) Mechanical disaggregation by means of’ very diverse 
machines, but which can be classified as follows, according to 
their mode of action :— 


Stampers . . . Used for hard materials. 
Concussion. . . {Contig Grinders . Used for dry clays, soft and hard 
materials. 
Concussion and Crushing. Ball Grinders. . Used for dry clays, soft and hard 
materials. 
Chopping Grinders . Used for hard materials, dry 
clays. 
Crushing ; ‘ - 4 Vertical Mills. . Soft and hard materials. 


Flattening Machines . Used for humid material, soft 
and hard materials. 
{Granul . . . Used for humid and dry clays. 


Cutting . Granulators . . Used for humid clays. 


62. Natural Disaggregation.—Clays always contain at the 
time of their extraction a certain quantity of water, called 
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“coursing water,’ which evaporates when allowed to remain in 
a sufficiently dry and warm atmosphere. When this evaporation 
takes place fairly rapidly it causes cracking and the disaggrega- 
tion of the balls of clay. It is, in fact, easy to account for. The 
evaporation at first only taking place on the surface of the balls 
of clay causes contraction there, a shrinkage of the clay in 
which the centre of the ball, still humid, cannot participate. 
The consequence is that the tensions cause the surface to crack, 
then gradually all the ball, which ends by disaggregating, and 
falls into small fragments. It is understood also that this action 
is as much more energetic as the evaporation is more rapid, and 
cannot be produced if the drying takes place very slowly. 

This natural disaggregation, which is a consequence of the 
plasticity of clays, is employed in a very efficacious manner for 
the preparation of plastic clays, always very compact. On the 
other hand, it presents few advantages for open clays naturally 
friable. 

In countries where the nature of the climate allows it, clays 
are for this purpose laid out in the air, exposed to the sun in 
pieces of the size of the fist. In the summer a few hours are 
generally sufficient to cause complete disaggregation of the balls. 
The clay is then collected and placed in warehouses ready to 
be used for the preparation of bodies, whether by dry, pasty 
or liquid method. When, on the contrary, the climate is 
frequently rainy, the clay is placed in the outlet of a course 
(quarry) in a slightly thick heap under well-aired sheds, where 
it usually, at the end of a period more or less prolonged, 
becomes disaggregated, although less completely than in the 
preceding case. 

When the preparation of the body must be made by a pasty 
method, or by liquid, if the clay is fairly dry in the course, it 
can, on the contrary, be soaked or exposed to the action of the 
rain. In this case the inverse phenomenon is produced: the 
surface of the balls imbibing the water expands, while the centre, 
being still dry, does not increase in volume. The result is also 
disaggregation. For this end it is convenient to give to the 
heaps of clay only a slight thickness, 3 feet 3 inches at the greatest, 
so that the rain çan penetrate them. If artificial water is added 
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the heaps can be made thicker on condition that holes are 
bored at distances from each other, through which the water 
ean penetrate to the centre. 

Then in countries where the climate is severe enough for it to 
freeze regularly every winter, clay is extracted during that season 
and exposed in heaps from 2 feet 6 inches to 3 feet 3 inches thick 
to the action of the cold. The water of formation is then trans- 
formed into ice, and the resulting increase of volume disaggregates 
the balls, which become completely displaced at the moment of 
thawing. This action is rendered more powerful when care has 
been taken to sprinkle the clay before the frost arrives, so as 
to saturate it with water. 

It will be seen then that, whatever the climate, clays can be 
disaggregated, which serve for the preparation of the body, by 
making use of solar heat, rain or frost. But it is necessary, 
before adopting a process of natural disaggregation, to know 
well the average climate of the locality, and the humidity of 
formation of the clay. 

This natural disaggregation of the clay should be practised 
every time that it is possible, especially in the case of plastic 
clays, for it has a considerable influence on the good preparation 
of bodies, and on the final quality of manufactured ware. 
Mechanical means of disaggregation can doubtless replace it 
partially, but only at the price of laborious and much more 
costly work. Moreover, experience proves that with the same 
stock of tools, and the same expenditure of force, 6 cubic feet 
of body can be prepared with a disaggregated clay, while only 
3 or 4 can be obtained with the same clay from formation. 

In the old traditions of the potter's art the preservation of 
the clay in a warehouse for very long periods played a consider- 
able part. Often it was only used at the end of several years. 
Without falling into exaggeration it must, nevertheless, be recog- 
nised that the use for the preparation of bodies of mechanical 
machines has often caused the advantages of natural dis- 
aggregation to be forgotten: in the hope of accomplishing a 
prompter manufacture grave disappointments have frequently 
been experienced. 

63. Disaggregation by Heat. — Disaggregation of clays can 
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also be obtained by artificial drying. This method is employed 
in humid climates, or when waste heats are disposed of. 

The artificial drying of clays is not so simple an operation as 
would be thought at first sight, because the temperature ought not 
sensibly to exceed 100° C, and in any case must remain at less than 
200° C, if the clay is to retain its plasticity. For small productions 
the process most employed consists in placing the clay on iron 
floors, sheet-iron, or on refractory slabs, heated in the interior 
part by a system of pipes, in which the gas circulates as it 
comes from a grate, making its way to a chimney. The thickness 
of the plaques or slabs should be regulated so that the heat 
transmitted may be uniform at all points on the area, and that 
in any case the temperature do not exceed the limit previously 
noted. The clay placed in the form of a layer from 6 to 9 
inches should be disturbed from time to time in order to hasten 
the operation, and to avoid an overheating in contact with the 
area. By this system of drying a considerable quantity of heat 
escapes by the chimney, and the surface occupied by the 
apparatus is fairly considerable, thus it can only be employed 
for small productions, in which the price of net cost does not 
play a preponderating part. Of course this observation does 
not apply in the case when these escaping heats are made use 
of. 

For large productions recourse must be had to more economical 
dryers and to larger output. Numerous systems have been pro- 
posed, but now it is agreed to give the preference to dryers in 
the form of sliding furnaces, into which the clay is introduced 
in the upper part, and makes its exit below in a dry state, the 
process being carried on in a continuous manner. 

Fig. 4 represents a stove of this kind, invented by M. Lecaze, 
and is a modification of his stove for plaster. The clay is placed 
in balls in an upper mill hopper, which should always be more 
or less filled. From there it penetrates into the dryer, properly 
so called, when it circulates round two rows of furnaces, heated 
by coke or thin coal, so as to give a large quantity of air at 
not a very high temperature. When the clay is dry it is ex- 
tracted from the lower part at regular intervals, this extraction 
causing the descent of the whole of the upper mass. The air 
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being charged with vapour makes its exit by a series of 
openings pierced in the arch supporting the mill in order to 
enter into two longitudinal pipes, and from there into small 
chimneys prepared in the thickness of the extreme walls. 

This stove is about 23 feet high, 650 feet wide, and re- 
spectively 13 feet, 23 feet, 30 feet long for wares of 530, 1,060, 
1,760 cubic feet in twenty-four hours. A clay containing 13 per 
cent. of water requires 19 to 22 lb. of coke per cubic foot in 
order to dry it in such a manner that it contains no more than 
3 to 5 per cent. of water. . 


Fro. 4.—Kiln for Drying Clay. 


Fig. 5 represents a stove constructed by MM. Smidth & 
Cie. It consists essentially of a chimney, in which, to- 
wards the centre of its height, the clay is introduced by an 
inclined mill. The balls of clay descend between the exterior 
wall of the chimney and a central block of stone work, to be 
extracted dry by many lower openings. The heat is supplied 
by an exterior of stone, a ventilator bringing in the air for 
this stove, and by a series of apertures pierced in the vault of 
the pipe connecting the stove with the interior void of the 
central block The warm air escapes from this space by 
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numerous orifices, and, after being saturated with water in 
contact with the clay, makes its exit by the chimney. This 
stove is used chiefly for large outputs and for very humid plastic 
clays. 

Heat is also employed to disaggregate quartz or silex. It 


Fic. 5.—Kiln for Drying Clay. 


is also sometimes made use of for feldspar. These hard rocks 
are heated at a fairly high temperature, and then cooled more 
or less briskly. The expansion and contraction which result 
therefrom are powerful enough to excite in the interior of the 
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mass. sufficient tension to break it, and even to disaggregate it 
completely. 

Heating was formerly carried on in reverberating kilns. 
The rocky substances were placed on the floor, and were sub- 
jected to the action of the flame evolving from the fire. This 
method of heating is not very economical, and is only used 
for very small productions. 

Now sliding kilns are used, similar to those employed for 
burning lime. As in the latter the action can be intermittent 
or continuous, and the heating is done either by means of fire 


Fig. 6.—Kiln for Calcining Flint. 


holes placed round the kiln, or by mixing the fuel with the 
stone. The intermittent action is naturally the more laborious, 
and it is only justified for small wares. Besides, kilns with 
independent fires are not very economical, and there is only 
occasion to use them when one is obliged to make use of fuel 
producing a great deal of slag, which sticks to the rocky sub- 
stances and can only with difficulty at length be separated from 
them. 

Fig. 6 represents, in section, the kind of furnace which is 
most generally used for the disintegration of flint. It is com- 
posed of a truncated vat, surmounted by a chimney, and ter- 
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minated by a grating, with an opening for the drawing out at the 
lower part. Wood is first placed on the grating, and is cavered 
with alternate layers of stone and fuel in equal proportions, so 
as to completely fill the stove. After having set light to it, 
stone and fuel are successively introduced by the furnace 
mouth in proportion as the mass descends, in consequence of the 
spaces caused by the combustion. As soon as bluish flames are 
observed to appear on the upper surface, the bars are removed 
from the grating, the mass falls and forms a sloping heap in the 
passage of the oven mouth; the space formed at the upper 
part is filled up and the kiln is definitely in work. When 
the blue flames appear at the furnace mouth it is sufficient to 
draw, by means of hooks, a certain quantity of rocky substances 
from the lower part and to fill up the space produced at the 
upper part by a new loading. 

In the continuous progress the proportion of fuel is reduced 
to about a third part of the volume to be heated. The fuel 
which gives the best results is wood-charcoal, but because of 
its high price it is generally replaced by coke as pure as possible. 

The burnt flints extracted at the lower part are either 
well precipitated in water or left to cool in the air. In the 
first case the disaggregation is more complete, but the second 
process must be resorted to when rather impure fuel is used, 
when it is necessary to remove by hand the slag which adheres 
to the rocks. 

The preceding furnace is as much as possible caused to lean 
against a piece of rising ground in order to allow of an easier 
feeding of the materials to be disaggregated and of the fuel. 
Of course it can be built detached on horizontal ground, but 
in this case it is better to make it circular externally, and to 
strengthen it with solid iron braces. The height of the chamber 
is from 9 to 12 feet, the diameter of the furnace mouth from 
35 to 40 inches, and that of the widest part from 55 to 63 
inches. 

Disaggregation by heat is nearly always only a preparatory 
operation, which is completed by mechanical concussion, rendered 
much easier by the friability of the stone. 

64, Stampers.—Stampers, which imitate the manual work of 
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a workman with a hammer, were for a long time the only 
mechanical machines for crushing employed in ceramics. They 
have the objection of yielding grains of unequal size, of wearing 
out rapidly, of making a feeble production, and occasioning a 
deafening noise. They are no longer employed except for crushing 
hard materials into small fragments. 


Fic. 7.—Stampers. 


The apparatus is generally composed of several stampers, 
raised successively above each other by cogs, mounted on the 
same horizontal beam. ‘These sfampers are placed in a coffer 
and fitted with shelves in such a way that the material to be 
crushed, being introduced at one extremity, falls successively 
under each blunger before going out at the other extremity. 
The stampers and the anvils are of iron or brass, when the in- 
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troduction of a certain quantity of iron into the material offers 
no objection In the contrary case, the lower parts of the 
stampers and the anvils are covered with hard stone. Some- 
times the anvils are pierced with holes, having the dimension 
of the grains which it is desired to obtain, and by which the 
pounded material makes its exit. 

For small productions a single stamper is made use of, which 
is moved by hand by means of a flying handle. 

65, Centrifugal Grinders.—Centrifugal grinders are rotating 
machines, turning with great speed, in which the material to 
be ground is introduced near the centre and projected by the 
centrifugal force towards the circumference, receiving on its 
course numerous shocks. They can be employed in the grinding 
of all raw materials used in ceramics; they can also be used 
for pulverisation, on condition that the powder is afterwards 
sifted, either on its exit from the grinder or in a separate 
sifter. However, they are not suitable for too humid clays, as 
in this case they have a tendency to be choked up. They must 
also be avoided for materials which must not contain any trace 
of iron. Their large output and the employment of a motive 
force, which is rather considerable, limit their use to factories 
working with a large quantity of raw materials. 

There is rather a large number of different types of centrifugal 
grinders, which is explained by their many applications to very 
different kinds of ware, and at the outset one type cannot be 
preferred to others without the special purpose it is proposed 
to attain being known. 

In England the Carr Disintegrator is very much used, espe- 
cially in factories for refractory wares, for the pulverisation of 
fired bodies (grog or rough stuff). It consists (Fig. 8) of two discs, 
each carrying two circular ranges of steel bars, turning in a 
contrary direction, the whole being placed in a sheet-iron casing. 
Each disc is fitted at the extremity of an horizontal shaft worked 
directly by a pulley. The material to be ground is introduced 
by a mill at the centre of the apparatus. There it falls on to 
the first circle of bars, which strike it, projecting it in one 
direction in order to be struck by the second circle, turning in 
an opposite direction, then by the third, turning in the same 
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direction as the first, and then by the fourth, conjointly with 
the second. The material ground collects at the bottom of the 
box, whence it can be removed by a screw, or quite a different 
arrangement, which prevents the exit of the dust. The speed 
of the machine is regulated according to the degree of fineness 
which it is desired to obtain. For a complete pulverisation six 
ranges of bars are often used instead of four. 

The Carr Disintegrator is built on several different models, ac- 
cording to the ware which it is desired to obtain. Here are some 
figures on this subject :— 


Fic. 8.—Carr’s Disintegrator. 


Diameter of external disc in feet . . 6562 4921 9281 164 
Number of revolutions a minute . . 800 850 450 600 
Production in Ib. per hour . . . 44,680 26,800 9,000 840 
Horse-power used . . . . . 6 20 4 15 


The Loizeau Grinder, constructed by Messrs. Weidknecht- 
Schoeller, consists of a strong case, carrying on its upper part a 
mill employed for the introduction of the materials and supplied 
in the interior with steel gratings, one sloping, the other arched, 
pierced with holes, through which the ground material has to pass. 
A horizontal shaft, turning with great speed, is surrounded by 
a “manchon,” the sides of which are traversed by small shafts, 
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which are employed to support movable jointed hammers weighing, 
according to the type of the grinder, from 4°46 to 2234 lb. The 
material falling through the mill is struck by the hammers and pro- 
jected against the grills, which allow the pieces which are sufficiently 
reduced to pass. The others are struck again by the hammers until 
they have the size required to allow the pieces to pass out of the 
apparatus. The jointing of the hammers allows ruptures to 
be avoided in cases of introduction into the apparatus of pieces 
having an abnormal resistance. The fineness of the grinding 
is regulated according to the openings of the grids and the 
speed of rotation. The grids capable of supporting the greatest. 
amount of wear and tear are of careful manufacture and replace- 
ments can easily be made. 

MM. Weidknecht-Schoeller construct several patterns of this. 
grinder, of which here are some :— 


Production per hour. Power used, 
1 to 1°5 tons. 2 to 8 horse-power. 
18 to2 ,, 5toT ,, ” 
2to25 ,, 2to8 ,, » (Large grains.) 
8to10 ,, 8 to 10 ,, » ” 59 


The largest grinder constructed by M. Bordier is formed by 
three horizontal stands fixed on a vertical beam, and carrying 
arms placed according to the beams. The whole is enclosed 
in a cylindrical casing, having two funnels between the stands, 
and the toothed segments in front of them. The materials 
are brought to the centre of the upper tray, and projected by 
the action of the centrifugal force against the first row of 
toothed segments. From there they fall into the first funnel, 
which leads them to the centre of the middle tray in order 
to be thrust against the second row of segments. The same 
operation takes place on the third tray, below which are fixed 
float boards, which cause the ground materials to make their 
exit by a lower. This grinder is especially used in France and 
Belgium in factories for refractory wares. The four types in 
use in ceramics are the following :— 


External diameter . . . . . 1°75 1:30 1:17 0-90 
Productions in tons per hour, clay. . 18-00 800 400 # 2:00 


” » ” fired body . 600 350 2:00 1-00 
Horse-power employed . . . 
Weight in tons . . . . . . 7 3$ 24 14 








= 
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66. Ball Grinders act at the same time by blow and by 
crushing. They consist of a framework containing a certain 
quantity of balls of different sizes (Fig. 9) The interior of 
the framework is formed of perforated slabs placed like the 
steps of a staircase, on which the balls roll and fall The material 
is introduced at the centre of the framework, the pieces which 
are sufficiently broken pass through the holes of the perforated 
slabs, then fall on the exterior ledges, which are covered with 
gauze to sift the desired size. Those portions which are too 
bulky to pass through the sifter fall again into the framework 
in consequence of its rotating movement. 

These machines are used chiefly for grinding and pulverising 
of hard materials. 


Fra. 9.—Ball Disintegrator. 


Here are a few reports on the different models :— 


Length (feet) . . . 1280 9°80 820 8:20 
Width , . . . 820 781 656 354 
Horse-power employed . 12 8 4 15 


For small productions the grinder shown in Fig. 9, con- 
structed by M. Dalbouze, can be used. This has a diameter of 
197 to 315 inches for a width of 48 to 6:5 inches, and makes 
from forty to fifty revolutions per minute. 

Among grinders of this kind we can also mention the Morel 
Mill, fixed horizontally, which revolves with great speed, and 
only employing a small number of large balls which act chiefly 
by their centrifugal force. This machine is but little used in 
ceramics. It is on the same plan as the Carter Mill sometimes 


124 TREATISE ON CERAMIC INDUSTRIES. 


used in England, and as the Cyclone Disintegrator of American 
origin. 

67. Chopping Machines. —Chopping machines or Blake Grinders 
are used to break hard materials of large dimensions. They are 
employed frequently to grind summarily blocks which are too 
large to be able to be placed directly in certain other grinders. 
They consist (Fig. 10) of a fixed jaw, A, and of a movable jaw, 
B, which can oscillate on a shaft,C. The movement is given by 
an eccentric wheel, D, mounted on an horizontal shaft, E, provided 
with two fly wheels and put in motion by a pulley. This eccentric 
wheel in its slight vertical displacement causes two cranks, E and 
F, to move away or approach; the first of these is supported by a 


Fi, 10.—Disintegrator. 


prop, C, regulated at will, and the second gives a slight oscillation 
to the jaw, B. A lower layer causes the latter to return to its 
original position. 

The interior surfaces of the jaws, which are the only parts 
subjected to a rapid wear and tear, are of hard brass, or of steel, 
and prepared so as to be replaced with ease. 

Chopping grinders of English origin are now mauufactured 
by a great number of makers. They generally have a speed 
of from 200 to 250 revolutions per minute. 

The various current models are described according to the 
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measurements of the upper opening of the jaws Here are some 
figures relating to them :— 


98-62 1969 1575 11°81 787 7:50 


Opening of the jaw, inches | by by by by by by 
15°75 9:10 7:87 7-50 485  3-y4 
Productions of cubic feet perhour 352 212 148 106 70 52 
Horse-power employed  . . 14 10 7 5 2 1°5 
Weight in lb. . . . . 42:98 21-63 13°60 9°81 4°46 4-01 


68. Vertical Mills are frequently used in ceramics, because, 
with the exception of humid clay, they allow of the grinding 
of all materials. They only require slight speed, employ little 
force and have little wear and tear. They generally consist 
of two rolls mounted on the same horizontal shaft, revolving 
on a slab pierced with holes of the measurement of the pieces 
it is desired to obtain. 

Sometimes this slab is solid and the material ground is 
removed by means of scrapers, or by a chain, but this 
arrangement, employed more especially for pulverisation, will be 
mentioned in connection with the preparation of bodies by the 
dry method. The weight of the rolls is caused to vary accord- 
ing to the hardness of the materials to be ground. When it is 
important that the ware should be exempt from all trace of 
iron, the mills, as well as the slab, can be of hard stone. 

There are two types of vertical mills; in one the rolls are 
movable and the slab fixed, in the other the slab is movable 
and the rolls fixed. | 

Fig. 11 represents vertical mills of the first type constructed 
by M. Jannot. They are worked by a toothed wheel, placed in 
the upper part of the vertical shaft, which involves them in 
its rotating movements, while allowing the rolls to rise in 
order to pass above the pieces which are too hard or too numer- 
ous, thanks to the articulation of their shafts, round the hori- 
zontal iron pins. Scrapers of various forms bring the materials 
which are insufficiently ground below the rolls and separate the 
parts which have a tendency to agglomerate on the slab. The 
ground materials which have passed by the orifices of the slab 


are gathered in a tray, or by an endless screw. The diameter 


of the hollow slab is of 8:53 feet, the weight of the rolls for 
materials of moderate hardness should be about 1 ton. The 
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weight of this machine is of 34 tons, the force expended 3 to 
4 horse-power. 

In certain cases the command of the motive shaft can be 
carried on from the lower part. This arrangement is represented 
by Fig. 12 The two rolls have their shafts jointed so as to 
be able to raise themselves independently of each other, and 
the scrapers are arranged as in the preceding grinder. M. Jaeger 
gives the following indications on machines of this kind :— 


Fi. 11.—Vertical Roller Pan Mill. 


Diameter of the mills . . 1,500 1,280 1,000 


800 650 
Width of mills . . 375 320 350 200 160 
Produces Ib. per hour . 8,350 2,234 1,117 658 22% 
Horse-power employed.  . 8 5 8 2 1 
Weight of a mil . . . 2ton1Gewt. ltonl5ewt. 1ton lows. 6 owt. 
Total + + + + + 12,500 7,600 4,500 3,000 1,450 


Mills with movable slab are little used in Europe as grinders. 
They seem to be more in vogue in the United States. Fig. 13 


Smmerene— = | 


PLASTIC BODIES. 127 


represents a machine of this kind constructed by Messrs 
Chamber Bros. & Co. 

As in the preceding grinders, the slab is perforated, and the 
fixed rolls can in the meantime be displaced vertically by regu- 
lating themselves on the thickness of the layer of material to 
be pulverised in order to avoid ruptures, Fixed scrapers separate 
the parts which have become agglomerated and bring them under 
the rolls. The production of this apparatus does not ditfer 


Fic. 12.—Vertical Roller Mill. 


from the preceding; it is of a more complicated construction, 
but occasions less dust. 

69. Rolling Grinders. — Although rollers lend themselves 
fairly well to the grinding of hard materials, they are only 
employed in ceramics to divide the clods of clay when natural 
disaggregation cannot be employed for this end These rollers 
should be of a sufficiently large diameter to enable the clods to 
be seized, each turning at a different speed, so as to add to the 
force of crushing a force of rubbing to pieces. The separation of 
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the rollers ought to be able to be regulated fairly easily, and it 
is well to include in the construction some ledges, some breaking 
pieces, which support the blow, and break, while preserving the 
rest of the mechanism in the case where a piece of exceptional 
hardness would fall into the rollers. India-rubber pads or 
forcible springs can also be used. Scrapers are arranged below 
the rollers to separate the clay which adheres to them. 


Fic. 18.—Vertical Roller Mill. 


Rollers are often plain, such as that shown in Fig. 14, which 
represents a yrinder constructed by MM. Boulet & Cie. Other 
times they are fluted, or have projecting parts in order to seize 
the clay better. They can also be toothed as in the machine of 
M. Schlickeysen. 

For very difficult, very impure clays, it is not sufficient to 
make them pass through a single pair of rollers, it becomes 
necessary to grind them several times by successive rollers. 


aa 
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These cases are fortunately rare, and when they do occur it 
is better to employ another raw material, or to have recourse 
to another process of disaggregation. 

Below are some numerical indications on roller grinders :— 


Diameter of rollers (inches). . . . . + . 1575 99°87 
Width of rollers moe eo où où + + + 1675 2756 
Production from 176 to 362 cubic feet in 10 hours for small models. 

” ”» 1,400 to 1,750 cubic feet for large models. 
Force employed from 2 to 8 horse-power for small models. 

» 1 8 to 10 horse-power for large models. 


Fic, 14.—Roller Crusher. 


70. Cutters.—Cutters are only employed for clay, or for 
very friable substances. They are formed of discs impelled by 
a fairly high speed of rotation, in which are fixed plates forming 
knives, against which are placed the materials to be cut. The 
shavings removed pass by the openings pierced in the dise, over 
against the knives. 


9 
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When the clay is in the form of large compact and heavy 
clods, the disc of the cutter is placed vertically, and these clods 
are caused to arrive laterally by means of an inclined passage, 
so that they descend and are caused by their weight to lean 
against the disc. 

When, on the other hand, which is most frequently the case, 
the clay is in pieces of less considerable size, it is better to make 
the disc turn horizontally. The material to be cut then rests 
with all its weight on the disc, and a cross beam prevents it 
from being carried away by the rotation movement. 

According to the indications of MM. Boulet & Cie, a machine 
of this kind, having eight knives, a total weight of about 22 
ewt., and making 150 revolutions a minute, cuts from 4 to 6 
cubic metres per hour, using a force of 2 horse-power. 

71. Granulators. — The object of granulators is to divide 
moderately plastic or open clays into small pieces. This kind 
of machine is especially used in America. Fig. 15 represents a 
granulator constructed by Messrs. Chamber Bros. & Co. It 
consists of an inclined plane, at the bottom of which is a beam 
provided with knives arranged spirally. The clay, being placed 
in a tray by the side of the mechanism, is cut and pushed at 
the same time until it falls granulated at the upper end of the 
plane. The mechanism is inclined more or less according to the 
size of the grains which it is desired to obtain. These machines 
cause a very large production; they can granulate from 3,525 
to 7,050 cubic feet of clay per day. 


(b) Purification. 


72, Processes of Purifying.—The processes of purifying raw 
materials used in ceramics are the following :— 

(1) Sorting, nearly always done by hand, very rarely by 
machines, which enables the coarse impurities to be removed 
when they differ sufficiently from the material to be purified by 
their form, colour, coarseness, or density. 

(2) Sifting, by which the coarsest parts are separated from 
the finer, which penetrate it as the former remain on the sieve. 

(3) Washing, that is to say, separating by means of diluting 
in water the parts which remain longest in suspension in water 
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from those which settle more rapidly. In the levigation of clays 
the object is to eliminate the materials which settle first ; 
however, in the levigation of sands, quartz, feldspar, etc., it is 
the parts which remain in suspension which must be removed. 

(4) Ventilation is a process having the same object as 
levigation, but the water is replaced by a fairly strong current 
of air. This process, besides being rarely used, can only be 
applied to certain clays. 

(5) Electrical purifying, in certain cases, enables a part of the 
oxide of iron to be cleared away which raw materials can 
contain. 

(6) Chemical purifying, in certain cases, produces, by the 
action of certain substances, the elimination of injurious parts which 
can be found in clays, or their transformation into inert bodies. 

73. Sorting.—Manual sorting is very much employed for 
separating the coarse impurities which raw materials can contain. 
This operation is generally carried on in the place of origin, or 
in its proximity, by women and children. 

It is usually employed on a large scale for raw materials of 
value, such as kaolin, feldspar, etc. It is then only a pre- 
liminary purifying, afterwards being completed by levigation. 
On the other hand, for common raw materials such as ordinary 
clays, sands, etc. it can only consist in the elimination of some 
coarse impurities, stones, pellets, minerals, or roots, which is done 
by workmen Who make the extraction. 

Sometimes mechanical separation is made of stones and the 
coarsest hard bodies which certain clays, which are sufficiently 
open, can contain, by making the latter pass into conical rolling 
machines. 

While the clay is flattened, the impurities which are rather 
coarse remain above in order not to be seized by the roller 
machines, and in consequence of the difference of circumference 
and speed are displaced and begin to fall. 

Fig. 16 represents a purifying machine of this kind constructed 
by Messrs. Brewer & Co. which has found some application in 
the United States. It is seen that, in order to facilitate the 
separating of stones, the builder has placed perpendicularly to the 
rolling machine a wheel provided with points, which seize them 
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into an ‘inclined trench, but this supplementary arrangement is 
not indispensable. The good working of purifying rolling 
machines depends greatly, as it has just been observed, on the 
nature of the clay, and it is also essential to accommodate the 
diameters, the “conicity” and the separation of the rolling 
machines well to the dimensions of the stones to be eliminated. 

74. Sifting.—In ceramics three kinds of sifting can be dis- 
tinguished, having different objects. 


Fic. 16.—Roller Separator. 

(1) The sifting of dry pulverulent materials, which is gener- 
ally a complementary operation of grinding or pulverisation, and 
not a purifying properly so called. It is only exceptionally that 
dry clays can be sifted in order to remove the coarse impurities 
which they can contain. This work is performed then on 
sereens, or in sieves used for sifting sand. It offers no other 
peculiarity worth mentioning. 
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(2) Sifting of liquid materials, which takes place in the course 
of purifying by grinding, as well as that used in the preparation 
of bodies by liquid method, which will be mentioned when 
describing these operations. 

(3) Sifting of pasty materials, that is to say, of clay in the 
plastic form. This operation is performed by compressing the 
clay to be purified into a box, and by forcing it out by orifices 
of suitable dimensions, while the coarser impurities remain in 
the interior. On this principle various apparatus have been 
constructed, which differ only in the nature of the force employed 
and the mode of transmitting it. 


Fic. 17.—Clay Separator. 


Fig. 17 represents a purifier constructed by M. Chambrette. 
It consists of a cylinder: perforated with holes, movable round 
an horizontal beam, and of a mechanism intended to work the 
compressing piston. . 

The perforated cylinder being placed vertically, it is filled 
with clay, then placed horizontally, and by means of a handle 
acting by two intermediary beams the workman forces the piston 
to penetrate into the cylinder, compelling the clay to make its 
exit by the holes, while the stones remain at the base. When 
the piston has reached the end of its course, one of the pinions 
is unfastened, and the piston is brought back again rapidly by 
working a second handle fixed on one of the arms of the large 
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wheel. The cylinder is then placed back again vertically, and 
the bottom of it is opened to cause the stones to fall which have 
accumulated in it. In spite of the apparent complication of this 
arrangement a man can with this machine purify from 140 to 
175 cubic feet a day. 

Fig. 18 represents an analogous purifier constructed by M. 
Groke. In this case the compression box is triangular in form 
and the circular orifices of the sieves are replaced by parallel 
sheets, more or less close together, mounted on hinged doors. A 
fly wheel with levers enables a triangular piston to descend or 


Fi. 18.—Clay Separator. 


to rise. The operation is carried on in the same manner as in 
the preceding machine. 

In order to obtain a larger production, it was natural to sub- 
stitute for the action of a man that of hydraulic motive power, 
and this is what M. Chambrette had done in the machine 
represented in Fig. 19. Two cylinders, perforated with 1,500 to 
1,800 holes, are movable round one of the uprights of an hydraulic 
press, one of them being loaded while the other is under pressure. 
This machine can purify 560 to 700 cubic feet of clay in ten 
hours ; the total amount of effort exercised on the piston is about 
10 tons. 
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All the preceding machines act in an intermittent manner. 
The operation can be carried on also in a continuous manner 
by making use of a screw propeller, but in this case only those 


Fic. 19.—Clay Separator. 


clays can be purified which are in the form of a fairly soft 
body. Fig. 20 represents an arrangement of this kind adopted 
by M. Brethon (Delahaye, successor). The clay loaded at the 
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upper part of the vertical cylinder is compressed towards the 
lower by spiral pallets, and is compelled to pass through the 
holes which are perforated in the bottom of the cylinder. Above 
this sieve is moved a pallet, which drives the stones remaining 
towards the two lateral walls, whence they can be removed gradu- 
-ally by opening one of the movable panels from time to time. 


Fi. 20.—Clay Separator. 


Purifying can also take place in a continuous manner by 
making use of a pair of rolling machines as propellers, which 
compress the clay into a box closed by two movable panels 
carrying the sieve, which consists of steel meshes parallel to 
each other. The separation of these threads ought naturally to 
be slighter than that of the rolling machines in order to retain 
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the pieces of stone broken by the latter. From time to time 
the panels are opened in order to allow the stones to make their 
exit. A machine of this kind is constructed by the firm of 
Smidth & Cie. 

It is well to remark that in order that any of these systems 
of purifying should work suitably, the clay must be in the 
form of a sufficiently soft and plastic body. If therefore it is 
not found naturally in this condition, which is most frequently 
the case, it must be preliminarily prepared by one of the pro- 
cesses mentioned later on, in the article referring to the pre- 
paration of bodies, 

75. Washing of Clays.—The object of washing is to separate 
the coarsest and heaviest parts of clay, which settle rapidly, 
from the finer and lighter parts, which remain longer in sus- 
pension in water. As it has already been observed, when 
treating of the trials of raw materials, all the impurities are 
not thus removed from the clay, but only the coarsest are 
eliminated, while those which are frequently in the form of 
very fine powder, such as sand, carbonate of lime, and oxides. 
of iron, remain at least partially incorporated with the hydro- 
silicates of alumina. On the other hand, there is complete 
elimination of soluble salts. 

Washing is generally employed for kaolins and plastic 
clays used for the manufacture of porcelain ware, fine stone- 
ware, faience and terra cotta. Its rather high cost does not permit. 
its employment for common clays, which are used for the 
manufacture of terra cotta for building purposes, except in those 
countries where no sufficiently pure clays are to be found. 

The processes of washing are rather variable, for they 
depend on the nature of the clays, on the degree of purity 
which it is requisite to obtain, and on the importance of the 
production. However, whatever the method employed, it 
necessarily includes three stages :— 

1. Blunging of the clay in water. 

2. Separation of the grit and sand. 

3. Placing of the clay in decanting tanks. 

These different operations will be dealt with in order. 

76. Clay Blungers. — Open clays and kaolins are easily 
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blunged in water, and they can be subjected to washing when 
taken from their place of origin. In plastic clays the operation 
is more difficult, and it is usually necessary to disaggregate them 
previously by one of the processes described above. Natural or 
* artificial drying is the one most employed, and is the most efficacious. 

When small quantities of clay have to be ground the blunging 
can be done manually by placing a certain quantity of clay in 
vats filled with water, and ayitating it by means of rakes and 
paddles moved by one or several workmen. When all the clay 
is suitably blunged, it is poured into settling tanks through an 
orifice placed a little above the bottom of the vat, in front of 
which is placed a grill which retains the grit. This operation 
is repeated several times, until the deposit of grit has reached 
the height of the grill; it must then be removed by a shovel 
and the vat cleaned. 

For open clays, kaolins, and when a large quantity of water 
may be used, they can be blunged hydraulically, by being sub- 
jected to a jet of water under pressure, which disagyregates the 
clay, carries away the fine parts and leaves the grit. For this 
object the clay can be placed in a vat which is refilled from 
time to time, the portion blunged flows away in a continuous 
manner, the operation only being interrupted when it is necessary 
to remove the grit accumulated in the vat. For the washing of 
kaolins containing stones of large size the hydraulic method 
is also empolyed in Cornwall, but the rock in its place of origin is 
attacked directly by means of powerful jets of water. The stones 
accumulate in the shallow water of the course, whilst the water 
which carries away the clay is conducted into large basins. 

Besides these special cases, blunging ig done mechanically. 
There are two kinds of mechanical blungers. 

Those with a vertical shaft are used in preference for open, 
stony clays, and those with a horizontal shaft are used more 
for blunging plastic clays which are slightly pebbly. 

Fig. 21 represents a machine of this kind for medium out- 
pute. In a circular vat works a central vertical shaft, carrying 
two wooden arms, agitated by a rotatory movement. From 
time to time ‘a certain quantity of clay, and a corresponding 
volume of water, are poured into it. The flowing of the blunged 


a ee 


140 TREATISE ON CERAMIC INDUSTRIES. 


clay is either continuous or intermittent, by opening one of the 
wooden stoppers which close the orifices of egress placed laterally 
in the vat at different heights. The gritty substances accumu- 
late at the lower part, and can, according to their consistency, 
be removed by hand from time to time from above, or by a 
lower clearing orifice, causing at the same time a running 














stream. It frequently happens that when the working of the 
blunger is stopped for some time the clay in suspension settles 
and forms with the grit a fairly hard mass, which can break 
the spikes when put in action. In this case it is expedient to 


first disaggregate this mass by first turning the blunger by 
hand by means of the levers shown in the drawing.' 


1In England this mill is usually employed for milling Cornish stone and 
flint. W. P. R. 
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For large productions, and particularly for clays which are 
very stony, the blunger shown in Fig. 22 is used. It consists 
of a circular stonework trough, in which two or three wooden 
bars, suspended by chains, are worked. As with the pre- 


« 
Fic. 22.— Wash Mill. 


ceding machine, clay and water are introduced at regular 
intervals, the blunged clay flowing continuously by an orifice 
provided with a grill, placed at a short distance above the 
trough, and acting as a dam. The grit accumulates at the 
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bottom, and, in proportion as the thickness of its layer increases, 
the height of the chains decreases, thus raising the harrows. 
This manner of flexible suspension has, moreover, the advantage 
of avoiding any rupture at the time of unmooring. It has often 
been tried to render the working of these blungers absolutely 
continuous by removing the grit and stones during action by 
means of cup chains, or Archimedean screws. But the advantage 
which results therefrom is largely counteracted by the continuous 
repairs needed for these machines. It is better to proceed every 
ten or fifteen days to a clearing, which indeed is often difficult 
enough, in consequence of the agglomeration of the grit. 

The proportion of water used in these blungers varies from 
two to three times the weight of the clay. Their output de- 
pends entirely on the tenacity of the latter and on the force 
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Fic. 23.—Horizontal Blunger. 


expended. For medium outputs the hand can be used, but for large 
outputs a mechanical propeller is necessary. In this case the 
quantity of clay washed can amount to 1,760 and even 2,550 
cubic feet in twenty-four hours. 

Blungers with an horizontal shaft are formed of a framework 
in which this shaft, provided with pallets, is worked.  Either 
the framework can be made to turn, the shaft being fixed, or 
the shaft with the pallets is turned inside the immovable 
framework, or, finally, both can be made to move in an opposite 
direction. The arrangements for the entry of water and clay, 
as well as the egress of the blunged clay and the grit, are also 
variable and have aroused the ingenuity of constructors. The 
two following are only given as examples. 

Fig. 23 represents a blunger with fixed framework in which 
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is worked a shaft, carrying, by means of three sheet-iron discs, 
six wooden crossbars, on each of which are placed six pallets. 
The clay is introduced by a lateral hopper, which is then closed 
by a cover to avoid projections of water. 

The draining is done in a continuous manner by a lower 
pipe, the clay and sand are also removed by the water, the 
apparatus only being suitable for clays which are not very stony. 
The dimensions of these blungers can vary from 64 feet to 224 
feet in width, and from 3:28 to 9°85 feet in diameter. The speed 
of rotation is from 15 to 30 revolutions a minute, the force 
expended is from 1 to 3 horse-power, and the amount of work 
done from 175 to 875 cubic feet of clay washed per day. 

In the blunger constructed by M. Schmelzer, the clay is intro- 
duced in a continuous manner by a shovel, at the same time as 
a small quantity of water, into the first case on the left containing 
a kind of plug mill mounted on a horizontal shaft. The clay is 
there disaggregated, then passes in the form of a pasty substance 
into a neighbouring box, where it is blunged with a large propor- 
tion of water. From there it falls into a sifting framework which 
allows the clay to pass as well as the blunged sand, while retaining 
the gritty substances and bringing them to the extremity of. the 
apparatus, where they fall into a hopper. The work done by this 
blunger varies from 180 to 750 cubic feet per day, according to 
the size of the apparatus and the nature of the clay. 

77. Sand Separators.—It is seen that in all the preceding 
apparatus the stones and grit which the clay can contain remain 
in the blunger, or are there separated from the other parts 
earried away by the liquid current; generally a sieve at the 
egress of the apparatus regulates the maximum size of the 
grains removed at the same time as the clay. Sometimes this 
purifying is sufficient, and the liquid going out into the set- 
tling tanks is made use of directly, but more often it is 
expedient to eliminate more or less completely the sand carried 
away. 

In order to obtain this result it is sufficient to diminish the 
speed of the liquid current more and more. The arrangements 
adopted for this object depend on the degree of purity which 
it is desired to obtain, and on the production. 
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For small quantities it is sufficient to make the liquid going 
out from the blunger flow into a tank, where it is allowed to 
remain in tranquillity for a greater or less length of time 
according to the degree of purity to be obtained. The surplus 
liquid is then sent into settling tanks. 

For large productions the separation is carried on in a con- 
tinuous manner, by causing the liquid to pass out from the 
blungers into stonework channels coated with cement, or into 
wooden trenches, the section of which goes on increasing. Fig. 


24 represents a sand separator of this kind in stonework and 
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Fic. 24.—Sand Separator. 

of the pipes is removed by a shovel generally every twelve 
hours. It can be got rid of by means of a stream of water. 

Fig. 25 shows another arrangement of sand separators. In 
the latter circulation takes place in the wooden trenches, lead- 
ing every 10 or 13 feet into casks, at the bottom of which the 
sand settles, and should be removed by hand as they become 
full. The length of these trenches and the number of the casks. 
naturally depend on the degree of purity it is desired to obtain. 

78. Settling Tanks.—Whatever may be the process, if blunging 
and the sand separator is adopted, the liquid holding the clay in 
suspension is finally sent into the tanks, where, by means of 
absolute tranquillity, all the solid parts settle. For clays intended 
for the manufacture of fine wares it is expedient to use several 
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settling tanks of limited dimensions, which are filled success- 
ively and in which the mass deposited is homogeneous. For 
the manufacture of ordinary fired bodies tanks of large dimen- 
sions can be used, in which the deposit is much less homogeneous, 
the most sandy parts naturally depositing themselves near the 
orifice of entry of the liquid. 


Fic. 25.—Sand Separator. 


In all cases these tanks are provided with lateral orifices at 
different heights, which allow the pure water to flow, which floats 
at the end of a given time of tranquillity. For this same a pipe 
can also be used, which can be more or less inclined, as is shown 
in Fig. 26. When all the surplus water has been removed the 
clayey mass is still too soft to be used; it is necessary to allow 


Fic. 26.—Decanting Tank. 


it to be stiffened by slow evaporation, which is certainly 
the most tiresome operation of levigation, for it requires much 
time and takes up considerable space. It has been tried to 
shorten it by means of decanting tanks, called filtering tanks, 
the base of which is formed by a layer of sand in which are 
placed drain pipes This arrangement acts very well at the 
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beginning, but the sand and the pipes rapidly cause an obstruc- 
tion. Nevertheless the small amount of water which always 
continues to flow ought to make filtering tanks preferable to 
tanks with an impermeable base. 

For small productions one can hasten the stiffening of 
the clay by removing it from the tanks and placing it in small 
heaps which dry in the sun. Filter presses can also be used for 
the same purpose, and these will be described when dealing 
with the preparation of bodies by the liquid method. 

Generally settling tanks have a height of 3 feet 3 inches, 
corresponding to a deposit of clay from 8 to 12 inches in 
thickness. But it must be remembered that this clay, which is 
deposited in successive layers, is not homogeneous, the most sandy 
parts being the first to be precipitated. It is expedient, therefore, 
to remove it by vertical channels in order to have a fairly regular 
composition. 

In all these installations of levigation of clays, it is necessary, 
as far as possible, to make use of natural variations of level, or 
to raise the clay to be washed to the highest point, the decanting 
basins being, on the other hand, at the lowest part. If this pro- 
gramme cannot be carried out, recourse must be made to elevator 
apparatus, such as endless chains, norias, etc. When the sand 
is in small proportion and very fine, pumps with simple working 
piston and spherical valves can also be used for great heights. 

79. Levigation of Sands.—In the levigation of sands and 
other antiplastic materials two objects are in view :— 

(1) To remove the earthy materials which can pollute them, 
and this is generally the case. | 

(2) To separate the coarsest parts in order to obtain a fine 
homogeneous material. 

In the first case the different clay blungers described above 
can be employed. If the materials to be washed are coarse, they 
remain in the blunger, and are drawn out when the water 
departs clear. If, on the contrary, they are fine they are 
allowed to flow into some decanting basins from which the thick 
surplus water is then removed. The stiffening takes place very 
rapidly, and offers none of the difficulties which are met with 
in the clay. 
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The same process allows the separation of the coarse parts 
of sands, and of classifying the latter by grains of decreasing 
sizes. For this object it is sufficient to place two or three basins 
of small dimensions, inclining one on to the other, and in which 
are placed the. various sorts of sand. 

80. Ventilation.—By directing a violent current of air on to 
pulverised materials they are placed in suspension in the air, as 
they would be in water. If the speed of the current is then 
diminished the coarsest parts settle first, then the finest, and 
finally the impalpable powders only fall when the speed is 
stopped. Ventilation, therefore, acts in the same way as 
levigation, and it is understood that in certain cases it can 
replace it. 

Up to the present, however, this process has been but rarely 
employed, and only for the purifying of kaolins The latter, in 
consequence of the notable difference of weight which exists 
between clay and rocky powders, lend themselves best to this 
method. The kaolin is first reduced to a fine powder by 
pulverisers and placed in a hopper, whence it flows by an orifice 
of slight thickness before the blast pipe of a ventilator. The 
gaseous current is then conducted into a pipe, the section of 
which becomes greater, and ends in a rather large chamber. The 
dimensions are calculated in such a manner that the parts which 
it is desired to eliminate settle in the pipe, and only the purified 
kaolin enters into the chamber. But it is rather difficult to 
divest the air going out from the chamber of the last traces of 
impalpable dust, and usually it ought to be sifted by canvas or 
packing, which must be beaten from time to time. 

81. Electric Purifying.—Iron and oxides of iron can be 
eliminated by utilising their magnetic properties For this 
purpose the material to be purified should be reduced to a 
powder, or placed in suspension in water, so as to give to the 
parts to be eliminated a sufficient mobility to enable them to be 
drawn by electro-magnets. 

When the material is pulverised it is placed in a trough, in 
the midst of which the magnets are caused to turn, and they are 
removed from tjme to time to deprive them of the ferruginous 
particles which adhere. But most usually the process is by 
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humid method, by making use of the arrangement shown in Fig. 
27. The material to be purified, being placed in suspension in 
water, flows in the form of thin sheets through a trench above 
which are placed the electro-magnets, traversed by a current 
coming from an ordinary battery. From time to time the 
flowing is stopped, the magnets are removed, they are placed 
in a trough filled with water placed at the side, and the current 
is interrupted so as to make the ferruginous particles which have 
adhered fall. This process of purifying is employed in certain 
earthenware and porcelain factories at the time of the prepara- 
tion of the body by liquid method. 

82. Chemical Purifying.—It is only in very rare and quite 
special cases that raw materials used in ceramics can be purified 


Fia. 97.—Electro-Magnets. 


chemically. An ancient practice of the potter's art, the mellow- 
ing or laying of clays, appears, however, to rest on a reaction 
of this kind. Salvetat has admitted that under the influence 
of water charged with organic substances in decomposition the 
sulphate of lime contained in certain clays can be transformed 
into sulphide of calcium. This last salt, in contact with the 
carbonic acid of the air, is decomposed in its turn with an 
evolution of sulphuretted hydrogen, which is often easy to 
observe, Moreover, the colouring of the body in black, which 
is sometimes produced in this case, as well as its bleaching when 
exposed to air, can be explained by the formation of black iron 
sulphide being oxidised in the open air in order to give colour- 
less sulphate or protoxide of iron, which is soluble in water. 
The result of the mellowing would be the elimination, in the 
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form of a soluble sulphate, of the sulphate of lime contained in 
the clay. 

But the latter, which often produces efflorescence on the 
surface of terra cottas, in consequence of its relative solubility 
in the water of formation, can be neutralised more efficaciously: 
by adding to the clay some salts of baryta, chloride, or car- 
bonate. It then produces a double decomposition :— 


CaOSO* + BaCl? = CaCl + BaOSO® 


or 
CaOSO? + BaOCO? = CaOCO* + BaOSO’. 


In the first case the chloride of calcium produced is easily 
removed in consequence of its great solubility; in the second 
the carbonate of lime is insoluble as well as the sulphate of 
baryta, and cannot longer produce efflorescence. The use of 
carbonate of baryta is preferred, which is found in the trade 
in the form of a powder coming from the pulverisation of 
witherite, which contains up to 97 per cent. of this car- 
bonate. It is essential that this powder should be very fine, in 
order that chemical action may be produced completely without 
having to add too great an excess of reagent. The proportion 
of witherite to be added is easily calculated when the amount 
of sulphate in a clay is known, but it is expedient to multiply 
by 1°5 or 2 the quantity theoretically necessary. Witherite is 
found in different parts, chiefly in the Rhine Provinces, where 
it is sold, in a pulverised state, at 100 to 130 francs per ton. 
According to the amount of sulphate of lime in bodies, the value 
of witherite used can be estimated from 0°10 franc to 1 franc a 
cubic metre of body. 

It has also been proposed to remove the carbonate of lime 
contained in bodies by treating the latter with diluted hydro- 
chlorie acid in formation with chloride of calcium, which is got 
rid of by washing. This process has never been employed on 
a large scale. 

Washing with an acidulated water will also eliminate oxide 
of iron, which becomes soluble in the form of a chloride or 
nitrate, unless the iron is in the form of silicate. In this case 
the silica could only be displaced by a prolonged and heated 
action. 
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3. PREPARATION OF BODIES. 


83. Processes of Preparation of Bodies.—Raw materials 
having been suitably disaggregated and purified, it is necessary 
to transform them into a homogeneous body having the desired 
composition and consistency corresponding to the method of 
formation adopted. This preparation of the bodies includes three 
series of operations :— 

(1) Those relating to the measuring of raw materials. 

(2) Those relating to the mixing together, that 1s to say, to 
render the body homogeneous. 

(8) Lastly, those the object of which is to give suitable 
consistency to the body. | 

These operations can be successive or simultaneous. 

The preparation of bodies is made by three different pro- 
cesses, characterised by the physical condition in which the raw 
materials are found at the time of their measuring or of their 
mixture :— 

(a) Preparation by plastic method, in which the materials 
are apportioned and mixed in the form of bodies already having 
the desired consistency. According to the degree of this con- 
sistency the preparation of soft body is distinguished from the 
preparation of stiff body. 

(b) Preparation by dry method, in which the materials 
suitably pulverised are apportioned and mixed in the form of 
dry powders, then moistened in order to obtain the desired 
consistency. 

(c) Preparation by liquid method, in which the materials are 
blunged and mixed in water, then partially dishydrated in order 
to then give to the body the necessary consistency in formation. 

The process by the plastic method is usually the least costly ; 
it is adopted by preference in the manufacture of fired bodies 
for buildings, of pottery wares in refractory bodies, of faience 
wares and common stoneware, especially when clays are used 
which naturally have the desired composition, or when the 
mixtures are made easily. It does not lend itself to a rigorous 
apportionment, and becomes laborious if it is desired to obtain 
perfect homogeneity. 
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Preparation by dry method lends itself, on the contrary, to 
an exact apportionment, the mixture is made easily, the grain 
of the body can be coarse or fairly fine at will It is employed 
in the manufacture of refractory clays, of certain terra cottas 
for building purposes, of faience ware and common stoneware. 
Its one drawback is that it requires the use of raw materials 
which are sufficiently dry to be able to be pulverised When 
the grain of the body must be very fine and the mixture 
absolutely intimate, recourse must be made to preparation by 
liquid method, more costly and more complicated than the others. 
This is the method used in the manufacture of porcelain ware, 
faience ware and fine stoneware. 


(a) Preparation by Plastic Method. 


84. Apportionment of Raw Materials and of Water.—In the 
preparation by plastic method there are only two distinct 
operations :— 

The apportionment of raw materials and of water. 

The making of the body homogeneous. 

The apportionment presents three cases according to the degree 
of humidity of the raw materials. 

Case 1. Raw materials have naturally the desired humidity. 
They are placed directly in the apparatus for homogeneisation 
by apportioning them by volume, as for example three barrows 
of plastic clay, one of open clay and one of sand. 

Case 2. The raw materials are too dry. This is the most 
frequent case. 

If the clay is open enough and easily absorbs water it is 
sufficient to place on the ground, or better, on a board, some 
heaps from 3 feet to 4 feet 6 inches high, formed of horizontal 
layers of the various raw materials, to which is given a thickness 
corresponding to the apportionment to be obtained. Let there 
be, in resuming the preceding example, 15 inches of plastic 
clay, 5 of open clay, 5 of sand, then again 15 of plastic clay, 
and so on During the formation of the heaps they are 
sprinkled with a hose or watering pot; then the whole is left 
to remain as long as possible, twenty-four hours being the 
minimum, so that the whole mass may have the same degree 
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of humidity; they are then cut vertically and brought to the 
pugging . apparatus. 

When the clay is dense and absorbs water with difficulty 
the process is the same, except that the successive layers are 
placed in impermeable pits. When the pit is filled, water is 
added in sufficient quantity, so that it is level with the upper 
part of the mass. If there is an excess of water, it can be 
removed by opening a bung-hole provided in the lower part. 
The trenches are usually 3 feet 3 inches to 6 feet deep and have 
a capacity of 8 to 35 cubic yards. They are made of cemented 
stonework dug out of the ground, or in elevation. In the 
latter case an aperture is made, closed by a wooden door, for 
the entry of raw materials and the exit of the body. The mass 
ought to remain a fairly long time in the pit in order that all 
the clay may be disaggregated, and the humidity also distributed, 
which takes at least twenty-four hours and at the most three 
days. 

Case 3. The raw materials are too humid. This sometimes 
happens during the rainy seasons, or when the clay is got out 
from beneath the water, or when the clay has been washed. 
It is then necessary to procure a certain quantity of clay dried 
in the sun, or artificially, to pulverise it and mix it with other 
materials, by making use of one of the processes of apportion- 
ment described previously. When the quantity of dry clay 
which it is thus necessary to dry is not too considerable, it 
can be replaced by the dry body coming from the broken pro- 
ducts, or products which have been thrown out of shape during 
the drying. . 

85. Homogeneisation of Bodies.—The homogeneisation of the 
body, apportioned as it has just been said, comprises two 
operations :— 

Grinding, by which the lumps of clay, pebbles and stones are 
crushed ; pugging, the object of which is to mix intimately all 
the substances which compose the body. 

These two operations ought not to be considered as quite 
distinct, for, on the one hand, grinding rollers, especially when 
they are used for this purpose, partly pug the body, and, on 
the other hand, pug mills can perfectly divide the lumps of clay. 
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When the body contains neither pebbles nor grit, the grind- 
ing can be dispensed with, and pugging may be sufficient, but it 
is to be noted that a pug mill cuts much more, or, for an equal 
production, employs less force when it works on a body pre- 
viously laminated. Pugging, on the other hand, is an indispensable 
operation for the obtaining of a homogeneous body. 

86. Grinding or Rolling.—Grinding can only be done when 
a motor force is employed; small grinding rolls worked by hand 
are not at all efficacious. If they are sufficiently brought together 
for grinding stones they are stopped at each instant; if they 
are opened to avoid this inconvenience they serve no purpose. 
In small potteries it is better to purify bodies by sifting or by 
grinding than to endeavour to crush the gritty substances. 

Rolling mills usually consist of two hard cast cylinders, being 
worked by means of two cog wheels, the teeth of which are 
arranged so as to be able to come closer together in order to 
counterbalance the wear and tear. Except for their dimensions, 
they have the same arrangements as roller grinders (Figs. 18, 19, 
20). They are generally made to turn with different speeds in 
order to better break up the clods of clay, and they are provided 
with scrapers in order to detach those which adhere. 

Their productions and the motive force which they require, 
varying with the quality of the body, can be estimated on an 
average as follows :— 


Diameter, Length, Production in m3 Horse- 
inches. inches. per hour. power. 
11°81 11°81 1 2 to 24 
15°75 15:75 2 to 3 8 to 4 
19°68 19°68 4 to 5 5 to 6 
23°62 23°62 7to8 8 to 9 


When the clods of clay are too large or the stones too 
numerous, two or three pairs of rollers superposed must be used. 
In this case the upper rollers are rather apart, while the lower 
are put close together to the degree of fineness which it is desired 
to obtain. It is natural to make the latter turn more rapidly 
in order to allow them to cut up the same quantity of body. 

The pugging produced by the rolling machines can be in- 
creased by fluting them circularly, or by giving them a conic 
form, the small diameter of the one being placed in front of the 
large diameter of the other. Some scrapers remove the body 
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which accumulates in each fluting. Where there is equality of 
production the power employed by these rolling machines is 
nearly double that consumed by plain rollers. 

Figs. 28 and 29 represent rollers of both these kinds con- 
structed by MM. Boulet & Cie. 

87. Pugging.—Pugging was for long done by treading the 
clay with the feet on floors, or in shallow stonework pita. In 
certain countries this work is still carried on in the same 
manner, but by means of horses or oxen, which are made to 
turn in a circular pit. These primitive processes have a tendency 


Fic. 28.—Roller Mill. 


to disappear, for there is every advantage in making use of the 
strength of animals to work a suitable pug mill 

Pugging is now done by means of vertical or horizontal pug 
mills. 

Vertical pug mills consist of a cylinder closed at the base, in 
which is worked a movable shaft carrying knives at different. 
heights. The body is introduced by the upper part and makes 
its exit by means of a lower opening which can be regulated 
at will. 

Fig. 30 represents a machine of this kind, worked by a pulley 
and a double set of wheels. When a soft body which is but. 
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little plastic is worked upon, a single set is sufficient. Sometimes 
the transmission of movement takes place from the lower part ; 
unless under special circumstances this arrangement is not to 
be recommended. For a small production the motive force can be 
replaced by manual labour, in which case the driving shaft is fixed 
directly on the dented crown fitting on the shaft of the pug mill. 

The body descends by its own weight, but in order to increase 
the production, it is well to arrange the knives in spiral lines, 
tending by their movement to compress it towards the base. 





Fic. 29.—Fluted Roller Mill. 


These spiral lines are generally provided with vertical knives 
helping to divide the mass. At the bottom of the pug mill is 
a double knife, of the form shown in Fig. 31, the object of 
which is to drive the pugged body towards the place of exit, 
whence it passes by jerks in the form of a fairly dense mass. 
These pug mills are constructed with a diameter varying 
from 20 to 40 inches, and a height from 40 to 80 inches. The shaft 
making from 8 to 12 revolutions a minute, their output depends 
entirely on the degree of plasticity and the consistency of the 
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body; only rather vague indications can be given on this point. 
For open clays having a consistency corresponding to the mould- 
ing by hand, one horse can pug about 1} cubic yard per hour. 


Fi. 30.—Vertical Pug. 


For plastic clays the same result can only be obtained with two 
or three horses. With reference to pug mills worked by 
mechanical motive power, below is an approximate table of the 


Fic. 31.—Plan showing bottom scraper. 


conditions of their working, the smallest productions corresponding 
generally to the greatest expenditure of force. 
Diameter, Length, Production in m3 Horse- 


inches, inches. per hour. power. 
20 40 07 to 12 Lto% 
274 59 1:5 to 25 2t04 


854 78 25t04 3t06 
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When it is desired to obtain bodies of greater consistency, it 
is preferable to use horizontal pug mills consisting of a horizontal 


Fic. 82.—Horizontal Pug. 


eylinder of sheet or cast iron, in the centre of which a shaft with 
knives is fixed. 
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This cylinder is closed at one end, and the shaft traverses 
the base by a fixed gearing. The body is introduced on this 
side and makes its exit by the other extremity, more or less 
opened, according to the degree of pugging to which it is desired 
to subject the body. Fig. 32 shows a pug mill of this kind. 

The knives being of cast iron, or with shank of cast iron 
and adjusted blades of iron, have a helicoid shape, their width 
varying from } to 4. Usually the width of the knives goes on 
increasing from the bottom of the pug mill to the exit. Contrary 
to what takes place in vertical ipug mills, the body, especially if 
it is rather plastic and consistent, has a tendency to turn with 
the pallets. In order to provide against this inconvenience, 
which would suppress all pugging, some “counter knives” are 





Fic. 38.—Pug Knives. 


Fia. 34.—Horizontal Pug. 


fixed in the cylinder (Fig. 34) intended to put a stop to the 
turning movement of the body. 

These pug mills are constructed with diameters varying from 
15°75 to 27°56 inches, length from 59°15 to 98°42 inches, the speed 
of rotation being from 10 to 15 revolutions a minute. The amount 
of work done can be approximately estimated as follows :— 


Diameter, Length, Production in m3 Horse- 
inches. inches. per hour. power. 
17°71 78°74 2 to 8 8 to 5 
23°62 78°74 4 to 6 5 to 8 


Horizontal pug mills can also be constructed with two rotary 
shafts bearing knives turning in opposite directions, according to 
the arrangement shown in Fig. 35. The pug, generally of sheet 
iron, is opened at the upper part. The body is fed at the side 
of the machine, and makes its exit by a lower aperture placed 
at the other extremity. The shafts, which, as in the preceding 
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horizontal pug mills, tend to recede, are upheld at the back by 
fixed gearing, and in front by rings. 


Fia. 85.—Horizontal Pug. 
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section in four directions. These pug mills are constructed with 





i 

j The knives have also a helicoid shape corresponding to } or yy 
| spire. They are set to work on footsteps of square or octagonal 
\ 
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a width of 21:50 to 39°37 inches, and a length of 118-11 to 138-79 
inches. The speed of rotation is from 12 to 15 revolutions, and the 
production is from 70 to 140 cubic feet per hour, for an expendi- 
ture of force of from 3 to 5 horse-power. They are very good 
machines, having less wear and tear than horizontal pug mills 
with a shaft, but furnish a body of less density. 

Whatever may be the system of pug-mill adopted, it is well, 
before using the body for formation, to let it remain in heaps 
covered over with damp cloths for at least twenty-four hours. 
It is only in the case of the manufacture of very ordinary 
wares, or when the actual formation is preceded by rough 
shaping, that the body can be used directly on its exit from the 
pug mill. | 





Fig. 36.—Double Horizontal Plug. 


88. Rolling and Pugging Combined.—Rolling machines and 
pug mills, such as have just been described, can be placed on 
the ground by the side of each other, and the body made to 
pass from one apparatus into the other by means of endless 
bands. Another arrangement frequently used consists in placing 
the roller machines above the pug mills) The pug mill in Fig. 
32 is arranged for this purpose. On the other hand, Fig. 37 
represents the combination of a double pair of rollers with a 
vertical pug mill, and Fig. 38 with an horizontal pug mill. These 
machines are only indicated by way of example, for it is easy 
to find other arrangements. 

89, Preparation of Stiff Body.—All the preceding is concerned 
chiefly with the manufacture in soft body, which is the most 
usual In certain cases, however, it is desirable to have for- 
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mation with a stiffer body, which requires for its preparation 
some modifications in the preceding processes. 

In this case the apportionment cannot be effected in pits, 
which would yield too soft a body; it is done in heaps, unless 
the raw materials have naturally the required humidity, which 
rather frequently happens. 

Homogeneisation is effected by rolling and pugging as in the 


Fig. 87.—Vertical Roller Pug. 


preparation of soft bodies, but the machines, always indispens- 
able, which are used for this purpose should be more rigid, and 
require a more considerable motive force. Fig. 39 shows a 
double pair of rollers, the upper conical and fluted, the lower 
parallel and plain, constructed by MM. Boulet & Cie, specially 
for the rolling of stiff bodies. 

The granulating rolling machine of M. Dumont (Fig. 40) also 

ll 
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gives results when it is desired to act on bodies containing clay 
pebbles. It supplements the always rather incomplete work of 
the pug mills when the latter have to mix too stiff a body. 
As is seen from the drawing, it consists of a first pair of up- 
right and plain rollers and of a second pair of larger diameter, 
perforated with a large number of small holes through which the 
body is forced in order to fall into the interior of the rollers 
powerfully pressed one against the other. 

Rolling is an indispensable operation in the preparation of 
stiff bodies, for the great stiffness of the body prevents the 


Fic. 88.—Combined Roller Mixer and Horizontal Pug. 


pugging from being sufficiently efficacious. In this case only 
vertical pug mills are employed, of a small height—about 40 
inches. Horizontal pug mills would necessitate too much power. 
Fig. 41 represents a pug mill of this kind, constructed by MM. 
Boulet & Cie, in which the driving of the shaft is made from 
the lower part. This machine, for a production of 2 to 3 cubic 
metres an hour, employs a force of from 5 to 6 horse-power. 

In the preparation of stiff body it is not very desirable to 
allow the bodies to remain standing after their exit from the pug 
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mill before their formation. Moreover, the aim of all this manu- 
facture is to work on the clays as they are found in their place 
of origin, and to obtain as speedily as possible marketable wares, 
which perforce requires a considerable development of mechanical 
machines The frequent consequences of this will be seen in 
the chapter dealing with the manufacture of fired bodies for 
building purposes. 


Fi. 89.— Double Roller Mill. 


(b) Preparation by Dry Method. 


90. In preparation by dry method there are three distinct 
operations :— 

Pulverisation of raw materials. 

Apportionment. 

Combination of water with the body. 

Clays are first dried, then pulverised and sifted. Pulveri- 
sation is done by means of centrifugal grinders, ball grinders, 
rolling machines or vertical mills, similar to those described 
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above, but arranged so as to obtain a greater fineness The 
pulverised material is afterwards sifted, the residue being brought 
again into the pulveriser. 

The pulveriser shown in Fig. 42, constructed by M. Jannot, 
is used with advantage. The material ground by the mill is 
removed by an elevator on to a central conical sieve. The 
powder falls into a sort of sink pit, or can be drawn out by a 
second elevator. The core returns automatically under the mills. 

These grinders have pans from 78°74 in. to 110-23 in. in 


Fia. 40.—Roller Granulators. 


diameter, with rolls of 59:05 in. to 70°86 in. The production, 
which essentially depends on the sieve, varies between 170 and 
630 cubic feet a day for a force of from 4 to 5 horse-power. 

The great drawback to all these machines is the production 
of a thick dust, which spreads into the shops and is very 
injurious to the health of the workers. There should be no 
hesitation, therefore, to use arrangements for hermetically closing 
the pulverisers and strongly ventilating the premises in which 
they are employed. 
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Antiplastic raw materials, which enter into the composition 
of bodies, are also, if there is an opportunity, pulverised and 
sifted by using stamping machines, centrifugal grinders, pounding 
or chopping machines, or the pulverising mill previously described. 

The various raw materials being thus pulverised, and each 


Fra. 41.—Vertical Pug. 


having a suitable coarseness of grain, the apportionment is pro- 
ceeded with. The latter is done by volume, generally a more 
exact process in ceramics than apportionment by weight, because of 
the variations in the weight of water contained in the clay, which, 
within the limits in which they are produced, have no influence 
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on the volume. Each raw material is measured in cases of de- 
termined capacity, then a preliminary mixture is generally made 
by hand on a slab. For this purpose it is seldom that a special 
machine is used. However, for a large production this system 
is preferable, and vertical or horizontal pug mills are used, or 
mixers with a centrifugal force, the construction of which is 
very simple and needs no special notice. At other times there 


Fie. 42.—Pulverizer. 


is no preliminary mixing and the materials are turned directly 
into a wet mixer. 

The method which has just been described is employed when- 
ever the different raw materials need not have the same 
coarseness of grain, or when sands or other substances having 
no need of being pulverised are used. If, on the contrary, all 
the materials have to be pulverised uniformly, it is desirable to 
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grind them roughly, to apportion them in that condition, and 
to turn them into a pulveriser, which effects the mixture and 
pulverisation at the same time. Grinders with centrifugal force, 
ball pulverisers, or vertical mulls are especially suitable for this 
purpose. 

The moistening of the body can, for small productions, take 
place on the floor which has served to effect the mixture. After 
having added the necessary amount of water, the body is 
kneaded, then left standing for one or two days in order to 
be tworked again. This primitive process has nearly everywhere 
given place to pugging. All the pug mills described above can 
be used for this purpose. It suffices to fix at the place of 
entry a pipe for the supply of the water, the flow of which is 
regulated by a tap. The pug mill with shafts is in this case a 
very good implement; it enables the water tap to be replaced 
by a pipe parallel to the shafts, pierced with a fairly large 
number of orifices, by means of which the water can be more 
uniformly agitated. Sometimes also a circular trough is made 
use of, in which the knives turn which take the raw materials 
and the water turned to the circumference, grind them and 
bring them towards the centre, where the prepared body falls 
by an aperture into the bottom of the trough. 

Sometimes, for moistening purposes, warm water, and even 
vapour is used. It is then necessary to proceed at once with 
the formation, because the body dries rapidly. In all other cases 
it is preferable to allow the body which has been pugged to 
remain for several days, covering it with damp cloths to prevent 
it from drying superficially. This rest allows the grains of clay 
to become more completely combined with the water than they 
could have done during their rather short passage in the pug 
mill. The result is increase in plasticity of the body, which 
often facilitates much of the work of formation. 


(c) Preparation by Liquid Method. 

91, Methods of Preparation by Liquid Process. — The pre- 
paration of bodies by means of liquid is done by two methods, 
which are distinguished by the physical condition of the 
materials at the time of the apportionment. 
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The first method comprises four operations :— | 

The apportionment of the raw materials in the dry state. 

Blunging and mixing in water. 

Sifting. 

Hardening. 

The second method also consists of four operations :— 

Blunging of raw materials in water. 

Apportionment and mixing in liquid state. 

Sifting. 

Stiffening. 

The two last operations of sifting and stiffening of the body 
are performed in the same manner for both methods. 

It is often necessary to add to these a fifth operation, the 
pugging and kneading of the body. 

The dry apportionment of the first method is made without 
difficulties by volume, as has been noted in the preparation by 
dry means. A greater precision, however, must here be exercised, 
for bodies of fine faience and porcelain which are subjected to 
this process cannot, with impunity, allow of considerable 
divergence in their composition; on the other hand, the 
apportionment in a liquid state will need more detailed ex- 
planation. The study of preparation by liquid method will be 
dealt with in the following articles :— 

Blunging of raw materials. 

Apportionment and mixing in liquid state. 

Sifting. 

Stiffening. 

Pugging and kneading. 

92. Blunging of Raw Materials.—Blunging of the clay is done 
in blungers similar to those used for levigation. As only those 
clays are used which are naturally pure, or which have been washed, 
there is no fear of the inconvenience resulting from the pressure of 
stones or coarse sand. The blunger shown in Fig. 21 is that most 
generally used. The blunger shown in Fig. 23 is also employed. 
The blunging is not done in a continuous manner, but fixed 
quantities of clay and water are introduced, then when the mixture 
is homogeneous it is poured into a basin. 

If the clay has been washed near the place where the prepara- 
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tion of the body has been made, a fresh blunging is avoided by 
taking the clay from the decanting “arks’’. For this purpose arks 
of small dimensions are used which are filled at one time, then they 
are allowed to remain while the superfluous water is removed, until 
the consistency of the body is such that the antiplastic materials 
which are to be mixed with it can no longer be precipitated. 

The body is then vigorously agitated with a rake consisting of 
a plank of at least 40 inches Jong, 12 inches wide, pierced with 
holes, and fixed at its centre to a long handle. This plank is made 
heavy by iron braces, or, better still, by lead, so as to compel it 
naturally to descend to the bottom of the ark. The object of this 
operation is to render the clay deposited homogeneous, by mixing 
the fine parts of the surface with the coarse parts, which are the 
first to be precipitated. For large productions this agitation can be 
done mechanically by using circular decanting arks, and providing 
them with agitators similar to those of the blunger (Fig. 21). The 
body having thus been rendered suitably homogeneous it is poured 
into an ark. 

The blunging of antiplastic materials, quartz, felspar, ete, must 
be preceded by pulverisation, or at least by grinding. These 
materials are then placed with a suitable quantity of water into 
special blungers. For a long time horizontal roller mills, similar to 
those used for the grinding of corn, have been employed for this 
purpose. The grindstones, from 40 in. to 60 in. in diameter, are 
arranged in belfry fashion with four pairs of grindstones. 

Again, these grindstones have often been replaced by blungers, 
designated under the name of grinders or levigating mills. Fig. 43 
represents an apparatus of this kind. In a circular vat, the bottom 
of which is paved with hard stones, moves a vertical shaft provided 
with four horizontal arms, which impart their motion to blocks of 
stone. 

An iron ring prevents these blocks from rubbing against the 
walls of the vat. The chief advantage of grinding mills is to avoid 
repairing of the mills. They are constructed with vats from 4 
ft. to 6 ft. in diameter. 

The Alsing Cylinder seems destined in its turn to replace grinding 
mills. It consists (Fig. 44) of an iron or steel drum, furnished 
inside with a coating of ceramic stoneware. This stoneware is 
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compressed in formation by means of hydraulic presses, and particles 
of silex are incorporated with it to prevent its becoming polished 
by usage. The working is done by introducing into the cylinder a 


Fic. 48.—Levigating or Grinding Mill. 


determined quantity of water and of antiplastic materials, and by 
causing the apparatus to work until the pulverisation and the 
blunging are complete. The door closing the cylinder is then 
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replaced by a grill, which allows the blunged substance to be poured. 
into a basin, while the pebbles are kept back. 

When the apportionment is made on dry raw materials, and 
when the clays and antiplastic materials are blunged simultane- 


Fro. 44.—Alsing Cylinder. 


ously, the same blungers are used for this purpose as for antiplastic 
materials only, that is to say, horizontal mills, grinding mills, or 
Alsing Cylinders. 

The latter are constructed for loads from 335 Ib. to 3,350 Ib. of 
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ground silex ; the amount of force employed varies from two to 
twelve horse-power. 

93. Apportionment and Mixing in Liquid State.—In order to 
mix together two or several substances blunged in water, it is 
essential that the liquid bodies should have approximately the same 
consistency, so that they may have no tendency to separate from 
each other. It is also necessary to keep them in a continual state 
of agitation, or at least to stir them frequently in order to avoid 
their settling. These two rules must be observed scrupulously, if 
it is desired to obtain an exact apportionment. 

In order to know in what proportions it is suitable to mix 
several liquid bodies, it is necessary to know the weight of dry 
materials which they contain for a given consistency. This weight 
is easily obtained by drying at 120°C. a given volume of body, e.g., 


1 pint, and by weighing the dry residue thus obtained. Then 


a simple calculation of proportions enables one to determine in what 
ratio, by volume, the bodies should be mixed to obtain the composi- 
tion by weight fixed a priori. 

In order not to be obliged to constantly repeat this determina- 
tion, which for industrial purposes would be somewhat inconvenient, 
it is arranged to constantly manufacture bodies having the same 
consistency adopted once for all. The measure of this consistency 
can be made by different means. Hydrometers can be employed, 
the use of which, however, is not to be recommended because of 
their want of exactness. It is preferable to measure the weight of 
a given volume of body. For this purpose a vessel of known 
capacity, say 1 pint, is made use of. After being filled it is placed 
on a pair of scales, where it is balanced by an invariable weight 
corresponding to the weight of the vessel, in addition to the weight 
of the body of the consistency adopted. If the vessel is heavier, it 
is because the body is too thick, and a little water is added to it; 
if the vessel is too light, there is too much water. The body is 
then allowed to settle for a short time in order to remove a certain 
quantity of water by pouring off, or even some body of greater 
consistency is added, which is contained in a basin prepared for this 
purpose. This operation is repeated until the body has the desired 
consistency. With a little practice, the variations are very slight 
and are corrected the first time without uncertainty. 
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The different bodies, having been thus subjected to fixed 
circumstances, a vessel is filled with each of them up to a given 
level, corresponding to the volume calculated, as has been previously 
stated, and these different vessels are emptied into a receptacle 
where the mixture is made. 

A single receptacle can also be employed which is provided with 
index marks, which correspond to the apportionment. The first 
body is caused to flow into it until the first mark is reached, then 
the second until the second mark is reached, and so on. In any 
case the mixture is easily done by a manual mixing. 

94. Sifting.—The object of sifting is to separate from the body 
the grains which were able to escape in the blunging and pulverising. 
This operation presents certain difficulties, by reason of the consist- 
ency of the body, and because the grains of sand, surrounded by clay, 


Fic. 45.— Lawn or Sieve for Slip. 


have a tendency to remain in the holes of the sieves. In order to 
prevent the latter from being too rapidly obstructed, they might be 
shaken and struck constantly. For a small quantity this operation 
is done by hand, but in factories where a motor force is adopted 
the arrangement shown in Fig. 45 is generally made use of. Above 
the vessel intended to receive the filtered body two slides are placed; 
between which is moved a frame to which is communicated an 
alternative motion by means of an eccentric wheel. Inside this 
frame is placed the sieve resting on two longitudinal slides fixed to 
the frame. The sieve is slightly less wide than the frame, so as to 
slide easily, but it is perceptibly shorter. When the frame is 
impelled by the eccentric wheel, the sieve is drawn by this move- 
ment; but, when the eccentric wheel has arrived at the end of its 
course, the sieve, in consequence of its impetus, continues to advance 
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and strikes the opposite edge of the frame. Therefore to each 
oscillation of the frame are a corresponding displacement of and 
blow to the sieve. The body to be filtered is brought above the 
sieve by a trough at the bottom of which are pierced some holes. 
From time to time the arrival of the body is stopped, the sieve is 
removed, is overturned, being struck to cause the residue to fall. 

The sieves have meshes of silk, or, better, of wire. Generally 
one sifting is not sufficient, the body is made to pass through two 
or three sieves, each finer than the other. For large quantities 
several sieves are arranged by the side of each other in the same 
frame. 

Sometimes these sieves are replaced by revolving bolters similar 
to those used in mills. An horizontal framework of six or eight 
sides is covered with a cloth which allows the body to pass, this 
being introduced at one of the extremities, while the parts which 
have not been able to penetrate go out by the other. On the beam 
of the framework a pulley is mounted which communicates to it 
a revolving movement. 

95. Stiffening.—The filtered body has not enough consistency 
to make it lend itself to formation, unless the latter is done by slip 
casting (Chapter IV.); a certain quantity of water must then be 
removed from it. This operation is called stiffening. 

It has been seen when dealing with levigation that this 
stiffening can be obtained by evaporation in the air in decanting 
tanks. This process, applicable in grinding for ordinary clays 
when the question of economy is of the greatest moment, is not 
practicable for the preparation of bodies by liquid means. In 
this case a supplementary expense, always slight in comparison 
with the value of the ware, has less importance, and, moreover, 
it is much more expedient to work rapidly and not to occupy 
a considerable ground space. . 

The stiffening of bodies by artificial means has for long been 
the object of research among ceramists. Many processes were 
used up to the time when the improvements of the filter presses 
invented by Needham gave a satisfactory solution of the pro- 
blem. Few words, therefore, need be said about the other 
processes, which have been more or less abandoned. 

It is natural to seek to replace solar heat by artificial 
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heating. This was done by arranging heated floors by means 
of special fire grates, or by waste heat. These floors are made 
with plates of cast iron, covering a series of stonework channels 
placed between the fire and chimney, and arranged so as to 
present a large surface for utilising the heat in the best possible 
manner. The layer of body is from 12 in. to 14 in. It must be 


_ stirred constantly during the operation in order to prevent the 


lower parts drying completely. The body, when stiffened to the 


* appointed degree, must be collected in “balls” and placed in 


cellars for several weeks in order that the humidity may be 
distributed uniformly throughout the entire mass. 

For stiffening bodies the method of absorption by porous 
terra cotta or plaster vessels has also been made use of. This : 
process is still employed in small potteries Terra cotta vessels 
are rendered as porous as possible by adding to their body 
sawdust, or other organic substances. After being filled with 
the body they are placed on shelves exposed to the wind in 
order to hasten evaporation. Plaster vessels are very thick, so 
that they are able to absorb a larger quantity. When they are 
saturated they are placed in drying stoves to be dried. 

Talabot proposed the use of filters formed of flat circular 
basins, the bottom of which, in the form of a flattened funnel, is 
covered with a cloth, then with a layer of grit, below which 
is a space. The water impelled by the atmospheric pressure 
passes through the filter, leaving the hardened body on the 
eloth. Then also the use of strainers has been favoured, similar 
to those used in the manufacture of sugar, or in bleaching houses. 

As has been said above, we now use exclusively ‘filter 
presses,’ machines in which the liquid body, being compressed 
by a pump, is compelled to become filtered through a strong 
cloth, which retains it and lets the water pass through. 

The first presses used had the arrangement shown in Figs. 
46 and 47. A series of wooden frames (from 6 to 30) are 
pressed one against the other by means of iron bars. Into the 
spaces left between them cloths are packed which, their ends 
being folded, present the form of bays. At the upper part a 
pipe brings the liquid body under pressure into the interior of 
each bag. The water passes through the cloth, into the side 
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grooves of the frames, and escapes by a series of lower apertures. 
When the bags are filled with stiff body, the bars are loosened, 
the frames are removed, being laid hold of by notches in the 
sides, and cakes of body are removed from the cloths, 


LL 


Fie, 46.—Filter Press. 





Now the mode of construction preferred is that represented 
in Fig. 48, in which the cloths are pressed between a solid dise 
and a frame, the thickness of which varies according to the 
nature of the body. The latter is introduced through a central 


Fic. 47.—Filter Press. 


aperture, the cloth pierced in its centre being fixed against the 
disc by means of a filleted tube. The water penetrates the 
cloth, flows along the flutings of the discs, and goes out by a 
lower tap. 
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Fig. 49 shows a similar arrangement of a filter press con- 
structed by M. Leclaire. The discs and frames rest on two 
strong iron bars, and are pressed between a fixed end and a 
movable end by means of screw nuts which are screwed on 
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Fic. 48,—Filter Press. 


the bars. The press being tightened and ready to work, the 
body is introduced by a central aperture arranged in the fixed 


Fig. 49.—Filter Press. 


end; it is distributed in the space left between the cloths of the 
first frame, then successively in the others until the whole press 
is filled. The introduction of the body is still continued until 


the latter reaches five to six atmospheres. The water which 
12 
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flows by the taps is collected into a side trough When the 
flowing ceases the working of the pump is stopped, the screws 
are loosened, the frames are removed, the cakes of stiff body 
fall of themselves, and can be collected in small trucks placed 
underneath the press. 

Fig. 50 shows a press of the same kind, but more powerful. 
In this case the discs and frames, instead of sliding on the 
bars, are suspended in the frame by rollers, and the pressing 
is done through the medium of toothed wheels. This type of 
filter press is generally used in France and Germany; in 
England, on the contrary, the press represented in Fig. 51 is 


Fia. 50.—Filter Press. 


commonly used, having circular discs sliding on the frame. The 
pressing is done by means of a screw which has its point of 
support in the structure. 

Some machine builders allow the body to penetrate through 
one or several apertures, arranged in the periphery of the frames, 
and of the discs; but this arrangement is not to be recommended 
because the body is distributed less uniformly. For very large 
presses the tightening screw can be replaced by the action of 
an hydraulic piston. Here are some reports on the different 
sizes of filter presses :— 


ee rer 


PLASTIC BODIES. 179 








The volumes of body stiffened is calculated by allowing a 
thickness of cakes of 1°18 in. For open kaolin bodies this can 
reach 1:57 in; on the other hand, for clayey bodies it must be 


Fig. 51.—Filter Press. 


reduced to ‘787 in. or even ‘59 in, which is easily done by 
modifying the thickness of the frames. It must be observed 
that the more plastic the body the more difficult its stiffening 
becomes by means of filter presses, becoming almost impossible 
for a body of pure plastic clay. The duration of an operation 
varies from two to four hours. After several operations the 
cloths must be washed, which can be done by letting a current 
of water circulate in the press, the ordinary taps for the exit 
of the water being closed. It is also well to provide against 
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rotting by washing them from time to time with very diluted 
phenic acid. 

The body is compressed into the press by means of pumps 
called “membrane pumps”. The latter consist of a “ plunging 
piston” of simple working (Fig. 52), which does not act 
directly on the body, but through the medium of an india- 


Fic. 52,—Vertical Pug. 


rubber membrane, rising and falling at each piston blow, 
in a lenticular space. The body is drawn in by a ball valve 
when the membrane rises, and compressed by another similar 
valve when it comes down again. A side opening in the pump 
allows the desired quantity of water to be introduced, which 
serves as an intermediary between the piston and the mem- 
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brane. This aperture is provided with a safety valve. Some 
machine builders make the latter automatic by permitting it 
to act on the motive mechanism, when the greatest pressure 
is attained. 

For small productions these membrane pumps are moved by 
manual force, for medium productions they are worked by an 
eccentric wheel mounted on the transmission; finally, when it 


is desired to work several filter presses at the same time, it is 


preferable to make use of a single pump, arranged horizontally, 
and set in motion by a pulley. In ceramics there would rarely 
be any advantage gained by using a special machine for this 
purpose. 
The stiff clay coming out from the filter presses has generally 
a semi-stiff consistency. In works which manufacture and sell 
body exclusively, the cakes are often dried by arranging them 
on shelves, well aerated or heated by means of hot air stoves. 
96. Pugging and Wedging or Slapping.—Whether the body 
has been so dried and water must be added, or whether it is 
used directly it comes from the filter press, it must be pugged 
so that it may have a uniform consistency and the homogeneity 
restored to it, which has in part been lost in the filters. For 
this purpose the different pug mills, previously described, can 
be used, but the vertical pug mill shown in Fig. 52 is frequently 
made use of. In this the body is rather powerfully compressed 
in consequence of the horizontal position of the orifice of exit.! 
Notwithstanding this compression in the pug mill, the bodies 
always contain a certain quantity of air-bubbles, which occasion 
inconveniences in the formation, especially for fine and thin wares. 
In order to free the bodies from these, recourse must be made to 
a final operation designated under the name of “ wedging” or 
‘‘slapping”’. The latter is often done by hand, but for large 
productions this long and laborious work is replaced by machines. 
They consist of a revolving pan, in which move fluted 
cylinders. In other arrangements the pan is fixed and the 
cylinders movable. These pans have a diameter of 3 ft. to 64 
ft., that of the cylinder being from 16 in. to 24 in. 


1The mill shown in the illustration is intended to obviate the necessity for 
wedging.—W. P. R. 





CHAPTER IV. 
FORMATION. 


SUMMARY.—Processes of Formation. (a) Throwtng: Potter’s Wheels—-Mechanical 
Wheels—Processes of Throwing—Turning. (b) Expression: Dies—Propellers 
—Cutting Apparatus. (c) Moulding by Hand: Moulding with Wooden Moulds 
—Plaster Moulds—Moulding with Plaster Moulds. (d) Moulding on the 
Jolley: Jolleys, Moulds and Profiles—Processes of Moulding on the Jolley. 
(e) Moulding by Compression : Moulds—Presses. (f) Moulding by Slip Cast- 
ing. (g) Finishing. (h) Slipping. 

97. Processes of Formation.—By the term ‘ formation ”” is 
meant the whole of the operations to which plastic bodies are sub- 
jected in order to give them the shape of the articles to be manu- 
factured. According to this shape, the formation is accomplished in 
one or several operations. Formation, properly so called, can be 
preceded by “wedging” and followed by “slapping,” words which 
sufficiently designate the kind of operation to which they apply. 

The method of formation which at first sight appears the 
simplest is that which is done exclusively by hand, with only the 
assistance of a few manual tools. This process, naturally, solely 
employed before the invention of mechanical machines, is now only 
used for the making of original models: a few words will be said 
about it when dealing with the decoration of pottery ware. 

Formation for manufacturing purposes, that is to say, that which 
has for its object the reproduction of a larger or smaller number of 
similar articles, can be done by three processes—throwing, jollying 
and moulding. 

Throwing is based on the use of the wheel. It can only there- 
fore be used for the making of round objects. The body should 
have a semi-soft consistency, so that the article does not lose its 
shape under its own weight, but should be soft enough to lend 
itself easily to the pressure of the hand. . Sometimes this making 
is done in a single operation; at other times it is first shaped, then, 
when the body is stiffened, a second forming is proceeded with, 
which is termed turning. 

In jollying, the body is compressed and forced to become 
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stretched out by means of a profile, having the outline of the 
article to be made. This process is only applied to the manufacture 
of cylindrical or prismatic objects. The body used is usually semi- 
soft, but sometimes the jollying is done with a semi-stiff or stiff body. 

Moulding is done in moulds, the spaces of which correspond to the 
solid parts of the articles to be made. The shape of the latter may 
be any which will naturally lend itself to removal from the mould. 

Moulding by Hand, in which the body, having soft or semi-soft 
consistency, is placed by hand into the mould. 

Moulding by Jigger, employed for round or oval articles, the 
semi-soft body receiving the desired form partly by moulding and 
partly by jiggering. 

Moulding by Press, in which the body is compressed in the 
interior of the mould. This body can be, according to the pressure 
exercised, semi-soft, semi-stiff, stiff or dry. 

Moulding by Casting, employed for liquid body, which is poured 
in a mould with absorbing sides, on which it is placed. 

Making by hand, moulding or by jigger can be done in a single 
operation ; at other times it is preceded by a shaping obtained by 
throwing, by jollying, or by moulding. 

Making by press, when it is done in soft or stiff body, is always 
preceded by a shaping by one of the three processes. On the other 
hand, moulding by press in dry body and moulding by casting 
only require a single operation. . 

Whatever may be the process employed, the making is often 
followed by a finishing or “ fettling,” a term under which is desig- 
nated a series of operations fairly diverse, destined to give to the 
object its definitive form. Of these operations those which are 
specially for ornamentation will be dealt with in the chapter devoted 
to the decoration of pottery ware. 

Finally, this chapter will be brought to a close by the description 
of a special process consisting in covering the body made with a 
thin layer of another body, a process known by the name of 
“slipping ”. 


(a) Throwing. 


98. Potter's Wheel.—The “ wheels ” used in ceramics are of two 
kinds: potter’s wheels, which are put in motion by the thrower, or 
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by an apprentice, and mechanical wheels, which are worked by 
an engine. 

The potter's wheel is not only the oldest machine employed in 
ceramics, but is one which renders most service for the making 
of round pieces. It consists (Fig. 53) of a vertical spindle, the 
lower end of which rests on a footstep, fixed in the ground, and 
which is secured at its upper part by a collar fastened to a table 
placed against the exterior wall of the workshop. This spindle is 
surmounted by a small stand called the wheel head, holding the 
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Fic. 53.—Potter’s Wheel. 


piece to be made, and carries towards the lower part a heavy solid 
fly wheel, which the workman sets in motion with his feet. The 
thrower is seated on an inclined small board, placed near to the 
level of the table, and can rest his feet, when the jigger has the 
desired speed, on another inclined board. The speed can at any 
moment be augmented or diminished, either by giving a fresh 
impetus, or, on the contrary, by allowing the foot to rub on the 
fly-wheel in order to check it. The preceding arrangement is 
employed in French and English potteries. In Germany a wheel 
of the same kind is also used, but the upper part of the wheel is 
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ce of wood under the seat of the thrower, who is thus 
loreover, the fly-wheel is less large, but thicker, and 
rests his feet by spreading out his legs on two pieces 


Fig. 54.—Potter's String Wheel. 


eside. When pieces of fairly large dimensions have 
1, an apprentice transmits motion to the wheel by 
tandle. Figs. 54 and 55 represent arrangements of 
. certain amount of skill is necessary to enable the 


Fig. 55.—Potter’s Cog Wheel. 


‘ properly regulate the speed of the wheel to the 
of the thrower. 
‘anical Wheels.—For large productions it is de- 
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sirable to replace the previous wheels by mechanical wheels, 
that is to say, by causing the motion by a transmission, the making 
being always done by hand. 


Fic, 56.—Jigger. 


When small objects have to be made of shapes which are not 
complicated, and which do not therefore cause much variation in 


Fic. 57.—Potter's Machine Wheel. 


the speed of the wheel, wheels of invariable speed may be used. 
In this case motion of horizontal transmission is communicated to 
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the vertical spindle of the wheel by means of a travelling roller, 
as represented in Fig. 56. The starting is done by means of a 
pedal placed near the thrower, so that he may only have to rest 
the end of his foot to set the wheel in motion, it being brought 

nd-still automatically when he ceases to touch the 


! shows an inverse arrangement. In the latter the thrower, 
; on the pedal, starts the mechanism and makes a check 
»bing on a conical wheel, rapidly stops the rotation. 

on the same mechanical wheel it is desired to make 
quiring various rotatory speeds, it is possible to vary the 
the transmission either by altering the diameter of the 





\—Machine Wheel. 


r by inserting an intermediary transmission caused by 
conical drums. 

arrangements are no longer sufficient when, in consequence 
mensions of the body to be thrown, or of the difficulties 
making presents, it is necessary that the thrower should 
o modify the speed at any moment as he does on the 
rheel. There are several solutions to this problem of 
, which has often excited the ingenuity of inventors. It 
ved by communicating motion to the spindle of the wheel 
of a pinion, whose point of contact with a motive disc 
splaced from the centre to the circumference of this disc, 
in Fig. 58. A counterpoise tends to bring the pinion 
he centre, in which case the speed is made void, while 
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the thrower, by leaning more or less on a pedal, makes it descend 
while communicating to it speeds more or less great. 

When the throwing requires little force, it is preferable to make 
use of the very simple arrangement shown in Fig. 59. The motive 
pulley is mounted on the spindle and carries at its upper part a 
conical space into which a piece can penetrate which is also conical, 
fitting on the spindle, but capable of being raised or lowered by 
means of a mechanism worked by a pedal. When the thrower 
does act on the latter the two cones are entirely fitted in and the 
wheel takes its maximum speed. If he leans lightly on the pedal 


Fic. 60.—Potter's Cone Drum Wheel. 


the contact is less perfect, it produces a certain sliding and the 
speed is slackened. If, finally, he presses more heavily, the contact 
ceases and the wheel stops. 

Lastly, the cone drum wheel, constructed by Mr. Boulton (Fig. 
60), solves the question in the most complete manner, but has 
the drawback of requiring a rather complicated mechanism. On 
the spindle of the wheel is a cone which can be set in motion 
by a second cone placed in a contrary position, having a slightly 
arched surface, and which can be displaced at the same time as 
a frame, the ends of which are caught in two slides, an upper 
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and a lower, fixed in the structure. This second cone has a 
continuous and rotatory movement caused by a thick rope pass- 
ing on a pulley with fluted neck on the spindle. A pedal is 
fixed conjointly to the frame, and its counterpoise tends con- 
stantly to bring the mechanism into the position shown in the 
figure, in which the two cones are not in contact, the wheel 
being consequently immovable. If the thrower presses on the 
pedal, this movement, causing the frame to slightly turn, pushes 
it against an elastic spring contained in an horizontal cylinder 
fixed to the back of the structure. Under the influence of this 
spring the frame is impelled towards the front, and the small 
circumference of the motive cone enters into contact with the 
largest diameter of the cone fitted on the spindle of the wheel, 
to which it communicates the least speed of which the apparatus 
is capable. If the thrower continues to press on the pedal the 
oscillating movement of the frame continues, and the increasing 
diameters of the motive cone arrive successively in contact with 
the decreasing diameters of the cone placed on the spindle of the 
wheel, so that the speed goes on increasing until the upper 
ends of the cones are in contact. The thrower can thus, by 
pressing more or less on the pedal, and without great effort, 
make the speed vary at will For wheels of large dimensions, 
a check mounted on the spindle of the wheel stops the movement 
when the pedal is left to itself. 

Mechanical wheels are usually arranged beside each other so 
as to be able to be worked by the same transmission, placed 
preferably on the floor of the workshop. They can also be 
made to move by means of a continuous rope, which Mr. Boulton 
has proposed, as shown in Fig. 60. 

100. Processes of Throwing.—In order to make a piece of any 
form, the thrower takes a quantity of body, proportionate to the 
size of the object to be made, and places it on the wheel head of the 
wheel (Fig. 61). He then sets the wheel in motion, and, after 
having placed his fingers in some water, he takes the mass and 
forces it to rise and fall several times, then with the thumb on 
one part and the other fingers on the other, he obliges it gradually 
to assume the desired form. He then smooths the surfaces by 
means of a sponge. This operation, which at first sight appears 
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very easy, requires, on the contrary, a great deal of practice to press 
the mass uniformly, and to prevent knuckle marks from forming, 
a defect which is known as “twisting”. In order to prevent this, 
the thrower again raises and lowers successively the mass of body, 
appearing at certain times to desire to destroy what has just been 
done. He must also know how to well regulate the speed of the 
wheel to the ascending or descending movement which he gives 
to the body with his hands. He must then by suitable sprinklings 
prevent the body from drying unequally in contact with the fingers. 

The thrower places on the table in front of him a model of the 
object to be made, which he imitates according to his judgment. 





Fic. 61.—Processes of Throwing. 


For the principal measurements he uses an} instrument called a 
gauging rod, consisting of a vertical rod fixed on a stand and 
holding horizontal rods (Fig. 61), which indicate at the same time 
the height and the distance from the side of the wheel head. When 
the object is finished the thrower detaches it by passing an iron 
wire between it and the top of the wheel, then he removes it and 
places it on a board to be taken to the drying room. When the 
object is too heavy to be thus removed without risk of throwing 
it out of shape, it is turned on this board previously fixed on the 
wheel head. 

Fig. 61 shows the throwing of a vase, and Fig. 62 that of a 
flat piece, a cover, in the example chosen. After having raised the 
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body in the form of a cylinder, the thrower opens it on top by 
widening it and by reducing it gradually to the desired diameter ; 
then he makes the brim, the knob, and finally separates, by means 
of a wire, the object made from the mass remaining on the wheel. 
In doing this he has taken care to catch hold of the cover with the 
hand, then he turns it upside down and puts it on a board. 
Examples could be multiplied, but the preceding will be sufficient 





Fic. 62.—Processes of Throwing. 


to show the principle of throwing, which in its details differs with 
each worker. Clever throwers are usually very proud of their 
knowledge, and they like to make in public difficult pieces, such 
as vases, narrow at the top, or even completely closed, as, for 
example, money-boxes, : 

The making of these pieces naturally requires very plastic 
bodies, like those generally used in the manufacture of terra cotta, 
stoneware, or faience ware. When the bodies are open, as in those 





F1G. 68.—Processes of Throwing. 


of porcelain, the most complicated pieces should be made in several 
parts which are afterwards soldered together. Fig. 63 represents 
the moulding of a decanter in three pieces. The parts to be joined 
are levelled in order to increase the surface of the joint. Usually 
the thrower makes several pieces of each kind, then, when the body 
is a little stiffened, he brings the parts together, after having wetted 
the joint with a sponge. 
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In certain cases, for rather massive pieces in which inside 
shapings have to be made, the process called “ throwing by cord ” 
can be used, as represented in Fig. 64 Round a fixed rod on a 
wooden plank a cord is rolled with varying thicknesses according 
to the interior space. Then the body is applied on the cord, the 
exterior outline is given on the lathe, then, after having allowed 
the body to harden a little, the end of the cord is pulled, which 
unwinds and comes off entirely, leaving a space corresponding to 
the place it occupied. 

When it is desired to obtain pieces having a more rigorous form, 
a ‘‘ profile ”’ is sometimes used, that is to say a plaque in which 
the outline to be made is cut out. By means of any mechanism this 
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Fic. 64.—Processes of Turning. Fic. 65.— Template. 


profile is brought gradually to approach the piece thrown on the 
lathe, it removes the superfluous body and produces an object 
having the exact form of the profile. Fig. 65 represents a profile 
used for making the baluster, of which we have just shown the 
“cord throwing ” (Fig. 64). 

It must be observed that a complete “profile” of this kind 
can only be used when the piece to be thrown is upheld inside, 
as in the case Fig. 64, because the body is too soft to resist of 
itself, without losing its form, the lateral pressure exercised by 
the “profile”. But the thrower can make use of small tools 
of metal, “wood, slate, or horn, to give more precision to the 
moulding, to sink certain contours, or to sharpen the edges. 

The throwing is generally completed by smoothing the sur- 
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faces with a small sponge, lightly applied, and by polishing 
them with a steel or horn blade. 

Oval or square pieces can also be obtained by throwing. 

For this purpose, the object is given a round form, then, after 
having allowed the body to harden a little, it is put out of 
shape by pressing the hands at the extremes of the same 
diameter. This process is now used no longer except for fancy 
articles, pieces of this kind being manufactured with much 
greater precision by means of moulds. 

101. Turning.—Turning is employed in two cases :— 

(1) For making objects in a plastic body, to which it is 
desired to give a very exact form, with fine and careful 
mouldings. 

(2) For making objects in a body which is not very plastic, 
to which a good thickness must be given in the throwing, because 
of its feeble cohesion. 

In the first case, the turning is only a kind of shaping; in 
the second case, it is a real making, the throwing only having 
been able to produce a rough outline. 

The turning is proceeded with when the body is sufficiently 
hardened, so that it cannot lose its form, but is yet soft enough 
to allow the nail to make an impression. 

The turning being done when there are a certain number 
of pieces at the desired degree of dryness, it 18 necessary to 
keep the latter in a place having a constant humidity, a cellar 
for example. 

The lathes used in turning are of two kinds; vertical lathes 
and horizontal lathes. For vertical lathes, potter’s or mechanical 
wheels are used, which have been previously described. The 
objects to be turned are fixed on a wheel head, by means of 
a shank, exterior or interior, according to the shape of the 
piece. This shank is often made by throwing on the wheel 
head a mass of stiff clay, and by turning the latter in order to 
give it a form capable of fixing the object either externally or 
internally. The humidity of the body is sufficient to hold 
together the piece to be turned after it has been lightly pressed. 
Some props, which are moved according to the height to which it 
is desired to work, serve as a support to the hand of the turner. 
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Horizontal lathes are similar to those used for turning wood 
or metal Either the turner sets them in motion by means 
of a pedal, or an apprentice, or a motor, by using for this 
purpose one of the arrangements previously described for vertical 
wheels. 

Fig. 66 represents a lathe of this kind, the speed of which 
is variable by means of a disc. A movable support, fixed on 
the bench of the lathe, serves as a resting place for hand tools. 
The latter are small blades of steel, to which are given by the 
file the most diverse forms, and which are fixed to a wooden 
handle. A pair of compasses or calipers are used to measure 
the diameter or thickness of the object. Turning is an easier 


Fia. 66.—Turning Lathe. 


operation than throwing, and can be quickly learnt by any 
thrower. It is sufficient to indicate that the body must be cut 
rather than scraped, and that when it becomes too dry, and 
consequently apt to break, it should be damped with a fine 
sponge. The piece being finished, it is polished with a steel or 
horn blade. 

The chips and dust which fall during the turning are gathered 
up and placed again for manufacture. When the bodies must 
be worked while rather dry, which is chiefly the case with 
porcelain, there is produced, during turning, dust, which is very 
disagreeable and injurious to the health of the workers. The 
latter then should be provided with masks, or, better, a ventilator 
should be arranged which sucks in this dust. 
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(b) Expression. 


102. Dies. Expression is employed for making objects of 
a cylindrical or prismatic shape. 

It is done by means of machines consisting of three essential 
parts :— 

(1) The die, or aperture of a given section, through which 
the body is forced to extend itself. | 

(2) The propeller, or mechanical part, for compressing the 
body. 

(3) The cutting apparatus, on which the cylinder, or prism 
of clay is received after coming out of the die, and where it 
is cut to the desired length. 

When the objects to be expressed have a simple section, 
the dies are simply formed by a metallic slab or a board of 
hard wood, in which is bored an aperture having the form of 
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Fic. 67.—Die. Fia. 68.—Die. 


the object to be obtained. It is sufficient to slightly widen the 
opening at the side of entry of the body, to slightly round the 
angles, and to smooth well the walls of the aperture. Figs. 
67 and 68 show some dies, one for expressing a cylinder of clay 
and the other a prism with square section, having at the 
greatest 2 in. to 2} in. diameter or side. The widening is from 
1x to x of the thickness of the slab. 

The same arrangement is also used when the objects to be 
expressed are hollow. There is then placed before the aperture 
a piece called a “bell,” having the section of the space, and 
upheld by means of a rod and an iron bridge. 

Fig. 69 shows an arrangement of this kind used for the 
making of pipes. The iron bridge must be placed far enough from 
the aperture of the die (6 in. to 12 in.), so that the body divided by 
it may be joined again under the influence of the pressure of the 
propeller and of the contraction which it experiences by its 
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expression through the die. In order to divide the body as little as 
possible, the section indicated by the line a b is given to the bridge. 

When the object to be made must have several spaces, “ bells” 
corresponding in number are placed, and are upheld by one 
or several bridges. Fig. 70 represents the arrangement employed 
for the expression of bricks with six holes. 





Section. F1G. 69.—Die. Plan. 


The construction of dies becomes a more delicate matter when 
the objects to be expressed are solid, being more than 2 in. to 
2} in. along the side or across the diameter. It is indeed easy 
to understand that if the expelled body is admitted into the 
die by a uniform pressure it produces a friction along the walls, 
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Section. Fia. 70.—Die. 


which consequently retards the movement of the body. Thanks 
to the cohesion of the clay, this resistance is transmitted to the 
whole of the mass, where the orifice is not too large but be- 
yond a certain limit the body, instead of advancing uniformly, 
has a tendency to proceed more quickly at the centre, and, on 
the contrary, less rapidly on the surfaces and especially at the 
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corners. When the defect is not too marked, differences of 
density result, which, at the time of drying and fring, cause 
the ware to lose its truth of form. If the 
sou broken roughness at the cor- 
d, as shown in Fig. 71. 
remedy this defect there are 
to increase the resistance at 
ts by diminishing it as much Fro. 71.—Die. 
the angles, or to almost completely suppress the 
die by lubricating it. 
wesents the first solution. Some checks of cast 
at outwardly to the die. They have the greatest 
centre of the upright parts, and disappear at 
this case the dies are often 
bronze. 
ad solution lubricating is done 
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3.—Water-lubricated Die. 


ained in a vessel a little above 
a communication with it by 
e and a tap which can regu- 
uction of the water. The difficulty consists in 
agement which will let the water flow uniformly 
face without the orifices for the entry of the water 
p by the body. Many arrangements, more or less 
urpose, have been proposed. It will be sufficient 
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to indicate that which is now most employed and which is 
represented in Fig. 73. 

In an exterior conical box are placed several wood frames 
forming a series of circular pipes, communicating with each other 
and with the tap for entry of the water by the upper part. On 
the frames are fixed some plates of zinc, which are placed above 
each other, and between them the water can flow in a very 
thin layer. This method is especially used for the making of 
articles of large dimensions, while the first is employed for 
expressing large wares, but relatively not very thick. 

Generally speaking, the construction of dies is rather delicate, 
because their different proportions depend on the plasticity and 
consistency of the body used. Ceramists therefore would not 
do well in this matter to refer themselves entirely to the builders 
of the machines; they should themselves study the forms best 
suited to their requirements. 

103. Propellers.—There are five classes of “propeller” presses, 
which are distinguished by the form of the medium of propulsion. 


1. Piston propellers. 
2. Blade propellers. 
3. Single screw propellers. 
4. Twin screw propellers. 
5. Cylindrical propellers. 


Fig. 74 shows the principle of the piston propellers. In a box 
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Fic. 74.—Piston Plunger 


bounded on one side by a die and on another by a piston, the body 
to be expressed is introduced through an aperture closed by means 
of a cover, so as to fill it completely. The piston is then set in 
motion, in the direction indicated by the arrow, thus causing the 
body to force itself out through the die. When the piston has 
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reached the end of its course it is brought back and the operation 
is repeated. The working is therefore intermittent. 
The, movement of the piston can take place horizontally, as is 
seen in the machine represented by Fig. 75. In this case the 
1 is nearly always moved by hand. This arrangement 
aployed for making hollow bricks or small pipes for a 
uction. Fig. 76 shows, on the other hand, an arrangement 
he piston is moved vertically ; it is used for the expression 
dipes. In this case the motion is given either by hand, or 
y, or finally by placing a cylinder moved by steam on the 
cylinder enclosing the body. 


Fi. 75.—Piston Plunger. 


propellers are pug mills similar to those described in 
IT. (Figs. 30 and 31), the door of exit of the pug mill 
aced by a die, and the lower blades serving as propellers. 
presents a machine of this kind moved by hand. The 
rown into the upper orifice of the pug mill. Its exit is 
ntervals corresponding to the passage of each blude in 
edie. This irregularity in the movement, together with 
ty of only employing very soft bodies, prevents this kind 
2 now being used except in small brickfields or for the 
solid bricks with very silicious clays. 

screw propellers are, on the contrary, very frequently 
y consist (Fig. 78) of a cylinder, one end of which is closed, 
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while the other is provided with a die. In the interior is moved 
a screw, the spindle of which goes through to the bottom and is 
kept there by a projecting ledge. The body, introduced by an 


Fic. 76.—Piston Plunger Machine. 


aperture above, placed at the back, is progressively compressed 
towards the front and compelled to force itself out. 

It is seen therefore that there must be a certain relation between 
the diameter of the cylinder, the passage of the screw, and the orifice 
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of the cylinders. If for a given propeller this orifice is too large, 
the body, being introduced in the form of clods more or less rough, 
does not agglomerate and spaces will remain. If, on the other 
hand, the orifice is too small, the whole of the body introduced 


Fio. 17.—Combined Pug Pipe Machine. 


ce itself out, the screw is choked up and eventually 
mass in its rotatory movement, suppressing all pro- 
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Fic. 78.—Spiral Pipe Machine. 


er, if the section ab is considered (Fig. 78), it will be seen 
ressure there is not constant. Each turn of the screw 
resh quantity of body which is chiefly pressed at its 
c. At any point of the section ab the pressure is there- 
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fore greatest when the generator, c, of the screw is in its nearest 
position, and least when in its furthest position. To avoid this 
difficulty, which would cause irregular expulsion, a certain distance 
is left between the screw and the die so that the pressure may 
become uniform by reason of the cohesion of the body. 

This distance must itself be eufficient to fulfil the purpose pro- 
posed, and not too great, so as not to increase the resistance in 
considerable proportion. It must in fact be taken into account 
that the body remains motionlese in the corners d d, and only 
advances in the form of a cone, having for a large base the circle 
engendered by the screw, and for a small base the orifice of the die. 
The friction which is produced between the body which is not in 


Fra. 79.—Worm Propeller. 


motion and the propelled body is very great and can quickly stop- 
the working if the height of this cone body is magnified. 

This difficulty of screw propellers can be greatly decreased by 
giving to the end of the cylinder a conical form, and by giving to. 
the screw a kind of spiral ending, also conical (Fig. 79). By this 
arrangement it is seen that the pressure is much less variable, and 
consequently allows the die to approach perceptibly nearer to the 
end of the screw. 

Screw propellers are frequently combined with horizontal pug 
mills (Figs. 32, 33 and 34), the same machine being used at one 
time for pugging, then for expression. For this purpose the: 
posterior part of the shaft is provided with “blades” and some- 
times with cownterblades (Fig. 34), while the anterior part carries. 
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a screw in several pieces, or a conical helix, as it has just been 
stated. 

Screw propellers are sometimes moved by hand, but only for 
very small output, and for goods of small dimensions; generally 
a motive power is employed. 

Screw propellers are frequently used for the making of solid 
and hollow bricks, pipes, and usually for the squeezing out of all 
objects which are afterwards made by press moulding. They 
have the objection of requiring a rather considerable motive force, 
and of yielding wares which always have a helicoid structure. 

Twin screw propellers are formed of a box containing two 
parallel screws, turning in a contrary direction and compressing the 
body by a single die. The object of this arrangement is to effect 
at the same time the pugging and the expression of the body. 
But the very relative pugging thus obtained, by means of the 
tangent screws, must not be confused with the much more eff- 
cacious action of the pug mill with two shafts, described previously 
(Fig. 35), the blades of which intersect each other. Considered 
from the point of view only of the making, this propeller has the 
disadvantage of giving rise to two parallel pasty currents, which 
the contraction of the die is not always sufficient to suitably weld 
together. | 
 Figs. 80, 81 and 82 represent in vertical section, and Fig. 83 in 
horizontal section, the different arrangements adopted in cylindrical 
propellers. It is seen that the latter consist of two or three rollers 
seizing the body on one side and compressing it on the other in a 
box in which it has no other issue than the die. These propellers 
are simple, yield more homogeneous wares than the screw pro- 
pellers by employing less force. The joining between the box and 
the cylinders is made on the one part by means of inlaid sheets 
fixed by bolts, which are brought in contact with the cylinders, 
and which are advanced in proportion to their wearing by some 
pieces, b b, which rub against the lateral surfaces of the cylinders, 
and which can easily be replaced. In spite of these precautions it 
is difficult to obtain air-tight joints. After working for some time, 
there are leakages of clay which make the machine dirty, and the 
removal of which is the chief, if not the only difficulty of these 
propellers. 
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The motion is always given by a motive force. Cylindrical 
propellers are used for the same purposes as screw propellers, al- 
though less frequently for solid bricks. 

104, Cutting Apparatus.—At the orifice of the die the body 
makes its exit in the form of a prism having the section of the 
objects to be obtained, but which has to be cut to the desired length. 
For this purpose, this prism of clay is received on a bench provided 
with rollers of plaster or wood coveréd with felt. If the propulsion 





Fic. 80.—Vertical Roller Die. 
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Fig. 82.—Compound Roller Die. Fic. 88.—Plan of Fig. 81. 


is done in an intermittent manner, or if the propeller is arrested 
at the time of cutting, it is sufficient to employ an apparatus with 
fixed cutter, shown in Fig. 84. The latter, besides the “roller 
bench” properly so called, consists of a metallic frame, on which are 
stretched steel threads passing between two rollers and having 
between them a distance equal to the length of the articles to be 
obtained. When the prism of clay is at a stand-still, a workman 
seizes this frame, which turns round two lower pivots, and draws it 
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» him by forcing the threads to pass through the mass of body, 
aus dividing it into pieces which are removed by hand. The 
‘ame is then replaced in its original position. 

When the propulsion is continuous an apparatus with movable 


Fra. 84.—Cutting Table. 


utter must be used. The latter (Fig. 85) consists of one bench 
rith fixed rollers and a second mounted on four wheels, which can 
e moved on two rails. The prism of clay is placed on the first 
ench, then passes on the waggon which has been brought in contact 
rith it. The body tends to draw the carriage with it, but the 


Fra. 85.—Cutting Table. 


itter workman keeps it until the prism of clay has reached the 
id of the waggon. He then ceases to stop it, and it advances with 
1e same speed as the body, and he profits by this joint liability of 
otion to set the frame to work, which has the steel wires, as in 
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the fixed cutting apparatus previously described. The articles cut 
are then removed and the workman brings the waggon back in 
order to replace it in its original position. 

When the propulsion is affected from top to bottom, as repre- 
sented in Fig. 86, the body is received on a balanced table which 
descends until the instant that the prism reaches the desired length. 
The propulsion is then stopped and an horizontal frame is set to 
work, on which is stretched a steel wire. The cut piece is removed, 
and the table returns to its original position under the influence of 
a counter weight. 


(c) Moulding by Hand. 


105. Moulding with Wooden Moulds.—When the objects to be 
moulded by hand are geometrical in form, plane surfaces of great 





Fic. 86.—Wooden Mould. 


thickness, wooden moulds are used in which the body is compressed. 
These moulds can be in one or in several pieces, according to the 
form of the object. 

The most simple case is the moulding of ordinary bricks, which 
is done in wooden frames (Fig. 86) having an interior space 
corresponding to the form of the brick to be moulded. This frame 
is placed on a wooden table, then the moulder takes a quantity of 
body, slightly more than what is necessary, throws it violently into 
the mould, compresses it to fill the lower corners, then equalises the 
upper surface with a rake. The moulding is done by raising the 
frame and by pressing, if there is necessity for this, on the upper 
surface. As the body used must be very soft, the mould and the 
surface of the table are damped in order to prevent adhesion. For 
the moulding of bricks are also used metallic hinged moulds, but 
this special process of making will be described in Chapter IX. 


Dee » 
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The same process can be used for moulding bricks of all shapes 
and all dimensions, as well as tiles, plaques, ete In order that 
moulding may succeed well, the body must have the desired degree 
of plasticity, should not be too soft and should well fill the mould, 
particularly the lower angles. 

When the objects have a less simple form, as is frequently the 
case for refractory fired bodies, the moulds can be made in several 
different pieces. They then resemble the moulds used in foundries, 
the sand being replaced by a body sufficiently firm in order to be 
moulded by wooden rams of suitable form. In Chapter X. will be 
found examples of this kind of making. 

If the object must have intricate grooved parts, or which would 
require too complicated moulds, they are first made roughly, or 
solid ; then, when the body is sufficiently hardened, shaping is re-. 
sorted to by means of different manual tools. If the body has not 
too coarse a prain, this operation is done easily, clay of hard con- 
sistency or demi-hard lending itself very well to carving by means 
of cutting sheets, or stretched steel wires. 

106. Plaster Moulds.—When the objects to be made are not 
geometrical in form or are ornamented, plaster moulds are used, 
either in one or several pieces. Plaster is in fact the only material 
which can be practically utilised, since, owiny to its porosity, it does 
not adhere to the clayey body, always rather soft, which must be 
used in moulding by hand. Formerly moulds in biscuit were used, 
but they have been abandoned on account of their more difficult 
and more laborious manufacture. 

The plaster used must be good moulding plaster, which is sold 
in casks and must be preserved in a dry place. In some works it 
is found desirable to purchase the plaster stone ; it is then pulverised 
and fired. The firing is done in sheet-iron pans heated from below. 
The temperature for firing the plaster is from 120° to 150°C. It is 
expedient to maintain the bottom of the pan at this temperature 
and to stir the plaster the whole time that the “ dehydration ” lasts. 

The making of the moulds requires the use of a model repre- 
senting exactly the object to be made, but slightly larger to allow 
for the shrinking of the body (see Chapter V.). Sometimes this 
model is an existing object in wood, metal, pottery ware, glass or 
ivory, which can be cast in plaster, after having been greased to 
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prevent sticking. If the object presented “ undercut” parts, which 
would be opposed to leaving the mould, it would be necessary first 
to stop them up with some plastic body or with wax. These parts 
should be scooped out by hand after moulding. | 

Usually the object is formed specially in view of the ceramic 
reproduction. For all pieces of fine and distinct outlines it is 
cut out in plaster, and in modelling clay for pieces of a larger 
execution. 

Plaster models must be greased or oiled before being cast. 
A solution of black soap and olive oil is also often used for 
the purpose. In order to prevent the plaster from absorbing 
too large a quantity of fatty substance, a layer of resin dissolved 
in alcohol can be first placed on it. Clay models do not require 
any preparation, but the humidity of the plaster deteriorates them, 
and they can only be used for a single casting. 

The way in which the latter is done naturally depends on 
the shape of the model; sometimes the latter can be easily 
removed from the mould, but most often it is imprisoned, and 
the mould must be divided into several pieces before it can be 
taken out. This division is made either by cutting away the 
plaster, or by separating it by a stretched wire during its 
adhesion, or by first arranging sheets of pasteboard or metal 
at the joining places. When cutting is resorted to it is not 
necessary to push the wire cutter to the bottom; the latter 
being sufficiently advanced, a sharp blow is often sufficient to 
effect the rupture, according to the desired plan. In order to 
again join the pieces of a mould, their exterior surfaces are 
dressed, and an envelope of plaster is run all round. Examples 
of this arrangement will be given in the following paragraph. 

The first mould obtained by casting of the model is only 
used for moulding when a small quantity of pieces is desired 
to be made. Usually it is called the “master mould,” and is 
only employed to cast type models in plaster, which, in their 
turn, are cast to supply the working mculds. In fact, plaster 
moulds become the worse for wear rather rapidly, first in 
consequence of the constant humidity which is communicated to 
them by the body, and also because of the feeble resistance of 
plaster to blows or pressure. 
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This difficulty can only be partially mitigated by mixing the 
plaster with a little water which has some alum in it. 

“Original moulds” are preserved with care in a dry place, 
so the type models can always be supplied conformable to the 
oriyinal model. 

107. Moulding with Plaster Moulds.—‘ Pressing” by hand in 
plaster moulds can be done in a single operation. In this case 
the moulder takes some small fragments of body, balls, which 
he applies against the mould with his hand, or by the aid of 
a sponge if the body sticks to the fingers But it is often 
preferable to first make a rough form, which consists simply 
of one sheet of body of uniform thickness, called a “batt”. The 
latter is generally made by placing on a prepared and humid 
table a mass of body corresponding to the size of the “batt” 
to be obtained. Sideways are arranged two rules or straight 
edges, the thickness of which determines that of the “batt”. Then 
a roller of damp wood is made to roll on these rules, so as to 
stretch the body. The “batt” thus obtained is removed by hand 
and applied against the mould. When the latter has some very 
undercut parts, which would compel the ‘“‘batt’’ to be too greatly 
compressed by sensibly diminishing its thickness, it is preferable 
to cut pieces corresponding to those parts, and to afterwards 
solder them by hand against the mould. For bodies which are 
not very plastic it is preferable to spread on the table which 
serves for the moulding of the “batt” a cloth, or better still a 
damp skin, which is afterwards used to remove the “batt” and 
to place it on the mould, without the risk of breaking it, which 
might happen if taken by hand. 

When the objects to be moulded are round and widened at 
the top, the “batt” can be replaced by a thrown piece made on 
the wheel, having about the height of the piece to be moulded, 
and a fairly reduced diameter, so as to be able to enter into 
the mould. In this case the thrown piece is called a “ cover,” 
and the making is done by applying it against the mould either 
by hand or with a sponge. 

The following examples, with illustrations, will enable the 
processes of moulding by hand to be better understood than 


all the descriptions :— 
14 
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Fig. 87 represents a panel moulded in one piece. The 
plaster mould has ornaments inserted on the surface seen, The 
moulding is done by applying on the mould a “ batt” of desired 
measurements, and by forcing it with the hand or with a sponge, 
to take the form of the mould. As the central part would lack 
some body if the latter is plastic, it is sufficient to add some 
of the latter by hand or to make that from the exterior parts 
flow back ; if, on the contrary, it is open, pieces corresponding to 
the design are cut in the “batt,” and are afterwards joined one 


















\N 
Fia. 88.—Process of Moulding. 


against the other. The moulding being finished, the piece is left 
to dry in the mould; then, when it is detached, in consequence 
of its shrinkage, the latter is turned upside down, and the piece 
moulded is received on a board where it becomes dried. 

Fig. 88 also represents the moulding of a panel of more 
complex form, for it must be made in three pieces. The first 
is moulded in the mould, A, as in the preceding case; one re- 
moves only with a knife the part of the “batt” which is found 
above the central aperture. The rosette is moulded in a case- 
mould, B, in which are two pieces, B’ and B”. In this case the 
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“batt” cannot be made use of, but the body is placed in the form 
of a cylindrical or conical mass, which is forced to pene- 
trate into the empty space of the mould, then the two ends are 
Joined, and the interior circular part is smoothed by hand. The 
emptying of the mould is performed as previously, by turning 
the mould upside down, by raising the case-mould, B, then by 
drawing sideways the two parts, B’ and B”. The central bottom 
is moulded in the same way, also in a mould in three pieces, 
C, C’ and C”. The three parts of the panel can afterwards be 
joined when the body is sufficiently hardened, but generally 
they are fired separately and joined together afterwards with 
cement. 

When a piece which is seen on all its sides has to be 
moulded, as for example the Chimera, Fig. 89,' it is moulded 
in two or several parts which are afterwards joined. In the 
present case, the model being symmetrical, the joining is naturally 
done in the plan. One begins by moulding the grooved pedestal, 
then in two separate moulds each part of the body of the 
chimera. A cut made following the line mn shows the 
arrangement of the mould, which consists of a case, A, in which 
is placed a series of pieces, a, b, c, etc., distributed in such a way 
as to allow the emptying. The two halves of the chimera are 
then moulded, as it has been previously indicated; after the 
drying they are taken out of the moulds and joined, first with 
each other, then with the pedestal. It is preferable to mould 
the tail by itself and also connect it. The preceding moulding 
is applied to pieces not having large dimensions; when this 
is not the case it is necessary to make the article in several 
pieces, which are fired separately and afterwards joined together 
with cement, as in the case of Fig. 89. 

Examples could be multiplied, for each model should be 
studied separately for the purpose of determining the most 
suitable form to give to the mould and especially the position 
of the joints, which, on the one hand, must allow of emptying, 
and on the other, must not cut the delicate parts, as the face, 
for example, in a statuette, so as to avoid retouching there, 


1The models of the chimera, as well as those of the two preceding metopes, 
belong to MM. Perrusson fils & Desfontaines. 
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rendered necessary by the seaming of the joint. It is necessary 
also to take into consideration the shrinkage during the drying, 
which must not be hampered by the form of the mould, and, 
lastly, the resistance of the pottery to the firing and for 
its ultimate use. The preceding examples are sufficient, how- 
ever, to show the principles on which is based the making with 
plaster moulds. It will be referred to again, moreover, in the 
special study of the different kinds of pottery. 

The making of the moulds, which, as is seen, requires a 
thorough knowledge of the trade, is generally entrusted to 
specialists, As to the moulding itself, however simple it may 


Fic. 89.—Process of Moulding. 


appear, it also requires a certain amount of technical skill for 
the uniform distribution of the body, without which certain 
parts may be more compressed than others, so as to suitably 
effect the joining and the sticking the pieces brought together. 
Every defect, especially in the case of vitrified pottery, causes, 
during the drying and firing, warpings or ruptures, 


(d) Moulding on the Jolley. 


108. Jolleys, Moulds and Profiles.—In moulding on the jolley, 
applicable to round or oval articles, the part of the piece which 
must be produced with the greatest amount of care, the in- 
terior or exterior as the case may be, is made in a mould placed 
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on a jolley, while the other is made with a profile. This moulding 

is done then by means of three essential machines, the jolley, the 
mould, and the profile. 

Jolleys consist of a vertical shaft, similar to potter’s wheels, 

th can be used for this purpose. However, as the force to 

xerted is usually less great, the disc can be lighter and of 

ore reduced diameter. But the moulding on the jolley, being 

ied especially for the production of a great number of useful 

les (plates, cups, etc.), mechanical lathes are generally used, 

of the arrangements previously described being utilised for 

purpose. In this case it is not necessary, however, to be 

to modify the speed considerably, and also for articles of 

Il dimensions (cups, flower-pots) it is sufficient to have a 


Fic. 90.—Jolley Head. Fia. 91.—Jolley Head. 


y of constant speed provided with a brake well within 
h of the turner. 

The heads of jolleys are arranged so as to receive the moulds, 
placing and removal of which must be done very rapidly. 
this purpose they have at the upper part a truncated space 
esponding to a similar projection of the mould. A simple 
sure is enough to fix the latter and to centre it. Figs. 
and 91 represent the arrangements most generally adopted. 
she first the head can be of plaster or wood, in the second 
3 always of plaster: The edge of the truncated space is 
n strengthened by a lead ring (Fig. 90). 

val pieces can also be made on the lathes by using, for example, 
arrangement shown in Fig. 92. In the latter the spindle of 
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the jolley is terminated by a metallic piece, in which slides a kind 
of rule, carrying at its centre the head and at its two ends some 
T's, the horizontal branches of which are obliged to slide the length 
of an eccentric circle, fixed by means of the iron pins on the table 
of the jolley. This eccentric imparts to the head a come-and-go 
movement which combines with the rotation of the jolley and in 





Fia. 92,—Oval Jolley Head. 


reality makes it describe a kind of oval, the form of which is 
determined by the eccentricity of the conductor circle. 

The moulds are made of plaster ; they are in one piece for all flat 
objects (dishes, plates), as well as for those wide at the top (cups). 
On the other hand, it is necessary to make them in two and some- 
times in three parts for objects with narrow aperture. In all cases 
they are terminated at the lower part by a truncated cone intended 
to fit into the head. The examples of moulding on the jigger given 
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in the following paragraph will show the arrangements generally 
adopted. 

Profiles are rather thick sheets cut so as to remove not only the 
excess of body, but ‘also to press the latter against the mould, as 
represented theoretically in Fig. 93. They are of steel or sometimes 


Fia. 98.—Profile Tool. 


of strongly fired body (faience or porcelain body), which are shaped 
with files in order to give the suitable profile to them. 

The way in which the profile is brought in contact with the body 
depends on the form of the object to be made. When possible, it 
is fixed to a support fastened on the table of the jolley and capable 
of turning round an horizontal axis. This support, in this case, is 


Fia. 94.—Jigger. 


called a jigger. Fig. 94 shows the form of jigger most used for 
all objects which are flat or widely opened at the top. In other 
eases the profile is fixed to an upright, which at first allows it to 
descend in contact with the body, then makes it turn by means of 
a handle fixed on the vertical beam, as shown in Fig. 95. The 
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following examples will make the working of these apparatus 
understood, 

109. Processes of Moulding on the Jolley.—This is only for plastic 
bodies and for common pottery ware of suitable shape (porringers, 
flower-pots, etc.), when the making can be done in a single operation. 
In this case the turner places in the mould a piece of body of 
a volume appropriate to that of the piece to be moulded, then he 
sets the lathe in motion and introduces the profile gradually. 
The latter compresses the body towards the walls of the mould, and, 
when it has reached the end of its course, 
leaves between it and the mould a space 
occupied by the body, which has exactly 
the section of the piece of pottery. But 
generally it is necessary to make a rough 
shape, that is to say a “batt” for the flat 
pieces and a form for the deep pieces. 
“Batts” are prepared as has been said 
in connection with the moulding by hand. 
One can also place on a table a block of 
body and cut the latter horizontally in 
slices of equal thickness by means of a 
wire, which is slid on the “rules” placed 
at the right and left of the block. These 
are generally iron “rules” placed one 
above the other, at a height nearly 
equal to that of the block. At first the 
wire is guided, by supporting it on the 
two upper “rules,” then after having 
drawn away the piece detached from 
the top of the block, a “rule” is removed from each side, cutting 
is again proceeded with and thus is obtained a “ batt,” the thickness 
of which is equal to that of the “rules”. Then the operation is 
continued by removing each time two “rules.” 

For pieces requiring care (plates, dishes, etc.), which must have 
a compact body free from bubbles, it is preferable to make the “batts” 
on the jigger. In this case, the head being replaced by a disc 
(Fig. 96), there is placed on it a piece of body which is equalised 
in the form of “batt” by means of a profile mounted on an arm. 


Fie. 95.—Upright Jolley. 
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When the body is very open (porcelain) the arrangement shown in 
Fig. 97 is preferable, in which the head is mounted on a wooden 
ring covered with a stretched skin. The profile, which is of helicoid 
form, descends vertically, and, the “batt” obtained, it is removed 
with the ring. 












NS 
Li 


Fi. 96.—Batt Making. Fio. 97.—Batt Making. 





As for the “batts,” they are made on the potter’s wheel or 
-a mechanical lathe, by the processes indicated previously. 


Fro. 98.—Jiggering. 


The thrown piece, “batt” or “form,” being thus made, it is 
placed on or in the mould, and the jolley being set in motion, it is 
led to adopt the form of the mould. It remains then to make the 
free surface, which is done by drawing near the profile. 

Fig. 98 represents this operation in the case of the making of 
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a flat piece with a fairly plastic body, as that of faience. Then 
Fig. 99 shows the moulding of a deep piece. In these two arrange- 
ments it is necessary to place the profile in such a position that it 
begins to lean to the centre of the piece so as to drive the excess of 
body towards the circumference. When the pieces of pottery have 
a convex shape this process is no longer applicable, and the following 
example (Fig. 100) shows one of the arrangements which can be 
employed. The profile is suspended at the end of a prop at the end 
of a beam slightly eccentric in relation to the axis of the jigger. 
When the profile is in the position shown in plan A A’, it can be 
introduced by the narrow orifice of the piece of ware; if it is then 


Fi. 99.—Making by Jolley. 


made to describe a quarter of a circle it takes the position B B’,. 
which puts it in contact with the body. To allow of the emptying, 
it is necessary to make the mould in two parts. 

In the same manner as in moulding by hand, it is necessary 
in the moulding by jolley to adapt the mechanism to the particular 
shape of each piece; but the preceding examples are sufficient. 
to show the general principles of this mode of making. 

When the body is very open, which is usually the case with 
porcelain, the first difficulty is met with in obliging the piece 
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to assume the form of the mould, especially if the latter differs 
perceptibly from that of the piece. Sometimes a special machine 





Fra. 100.—Making by Jolley. 


‘sorted to, which serves to make use of the thrown piece 
e the employment of the profile; it will be spoken of when 
ag with the special manufacture of porcelain. The second 
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difficulty is found in the use of the profile itself, which demands 
a certain plasticity of body. If the latter is insufficient, and at 
the same time slender articles have to be manufactured, the 
profiling has sometimes to be dispensed with and the following 
process adopted: the piece, to which is given a thickness 
considerably greater than is necessary, after having been applied 
on the mould, the latter being fixed on the jigger, is left to 
dry; then it is taken out, and the making is finished by means 
of turning. The latter is effected on a vertical or horizontal 
lathe, according to the form of the ware, as has been seen 
previously. In this case the turning constitutes the chief 
operation in the making, it must not therefore be confused with 
the operation of finishing, which will be dealt with later. The 

body being already rather dry, the turning causes a large 
amount of dust, which is seriously detrimental to the health of 
the workers; thus it is agreed, as has been already said, to draw 
it in by means of ventilators, or at least to provide the turners 
with suitable masks. 


(e) Moulding by Compression. 

110. Moulds.—In moulding by press the body is compressed 
mechanically into the moulds. The stock of tools necessary for 
this process of making consists of two essential parts—the mould 
and the press. 

The moulds, in spite of their diversity of shape, can be 
divided into two classes, according to the way in which the 
mechanical force acts on the body: squeezing moulds and com- 
pressing moulds. 

Squeezing moulds generally consist of two parts, which, by 
coming together, squeeze the mass of body which has been placed 
between them, and force it to take the form of the space which 
separates them. The body in excess escapes as seam between 
the two parts of the mould. In afterwards removing the latter, 
the article made remains attached to one or the other; different 
methods are employed to detach this from it according to the 
form of the piece. 

This mode of making permits the use of bodies of almost 
all degrees of consistency, provided that the article made does 
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not lose its shape in the taking out. When soft body is made 
use of, a plaster mould is employed by preference, or rather a 
metal mould covered with plaster in those parts in contact with 
the body. In this case plaster is, in fact, the only material 
which allows of an easy delivery. Where the body is stiff, 
plaster would not resist the pressure which must be applied, 
and it is necessary to have recourse to metallic moulds, which 
generally must be lubricated in order to prevent sticking. 

The body, whether soft or hard, should be wedged before being 
placed in the moulds. 

Fig. 101 represents the making of a tile in soft body by 
this process. Metallic moulds are provided with plaster inside. 
When they rest on each other the space corresponds exactly 


| 


Fic. 101.—Making by Press. 


‘orm of the tile. The body is put between the moulds 
orm of a “batt” or cake, having about the same dimensions 
ile, but slightly larger in volume. The excess of body 
oy forming seams along the surfaces in contact (m). The 
is done by removing the moulds and by turning the 
ould upside down. 

. second example, Fig. 102 represents the moulding of 
-pot in rather a hard body. The mould, entirely metallic, 
of three parts, A, B and C. 

parts B and C being in the position shown in the figure, 
being raised, there is placed in the mould a cylinder 
having a volume slightly larger than that of the flower- 
is lowered, the excess of body goes out at m, then A is 
ised, and by raising the floor, C, the delivery is effected. 
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In the second part of this work other examples of moulds 
of this kind will be found, which permit the making of very 
diverse objects, especially if the moulds are made in several 
pieces so as to allow of the delivery of the undercut parts. The 
preceding examples are sufficient to show that for the whole 
time that the drawing together of the moulds lasts the body 
stretches itself out to follow the outline, and the excess makes 
its escape by flattening itself between the extreme edges. The 
force necessary to effect the moulding is that expended by the 
friction of the body sliding on itself, and on the walls of the 
mould. This force depends, therefore, on the consistency, on 
the quantity of body in excess, and on the form of the mould. 


Fro. 102.—Pot Making by Press. 


The consistency is often charged with other considerations, 
among which the most important is the necessity of avoiding 
deformation in the delivery. But, at the outset, only from the 
point of view of the making, it is not necessary to give to the 
body an exaggerated consistency, which not only occasions a 
greater expenditure of force, but, what is more serious, gives, in 
consequence of the flattening of the body, pieces of ware of a 
laminated structure, in which the different thin plates are insuffi- 
ciently joined. The excess of body must be sufficient to ensure 
the complete filling of all the spaces; it depends necessarily on 
the form of the mould, and on that of the “wedging,” but this 
condition being fulfilled it is not necessary to exaggerate it. 
Lastly, if one considers what happens during the moulding, 
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it is seen that in certain mould shapes, for example in the case 
of Fig. 101, some air remains imprisoned in the deep parts. This 
air is compressed, preventing the body from penetrating com- 
pletely. This difficulty is greatly lessened by giving two, or 
even three, successive pressures, moving the dies a little each 
time to allow the compressed air to escape. Some air holes can 
also be pierced, but unless a very consistent body is used the 
latter have a tendency to become stopped up at each operation. 

Compressing moulds consist of a box in which the body is 
placed, and this is afterwards compressed by a plunger entering 
and fitting there exactly. This making is done with a hard or 
dry body, the moulds being always of metal. The mould is 
sometimes in several pieces in order to allow of delivery. 

Fig. 103 represents the principal arrangements of this mode 
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Fic. 104.—Die Box for Encaustic 
Fic. 1038.—Die Box for Press. Press. 





of making. The “batt” in a hard body, or the measured quantity 
of dry body, is introduced into the mould formed by the parts 
B and C, then the plunger, A, is made to descend. When the 
pressure is sufficient this latter is raised, then the delivery is 
earried on by raising the bottom, C. This bottom can also be 
made to descend by causing it to follow for some time by the 
mandrel, A, and effect the delivery from below. In some machines 
the mandrel, A, and the bottom, C, approach each other simultane- 
ously in order to work the pressure, the delivery being effected 
afterwards as previously. 

In articles of slight thickness, tiles for example, the arrange- 
ment shown in Fig. 104 is often preferred, in which the delivery 
is done by removing the part B from the mould. Lastly, for 
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more complicated shapes, this matrix can be made in several 
pieces. There will also be found in the second part of the work 
some special examples of compressing moulds. 

The force employed to effect the moulding has, in this case, 
in reality first to force the body to fill the mould, and after- 
wards to compress it to the desired degree. 

In adopting the method of making by compressing moulds 
there can be two different objects :— 

1. To give an exact form to a mass, made generally by 
moulding in a soft body, after having allowed the body to 
harden and the greatest part of the shrinkage to take place. 

2. To make in a single operation articles with a dry body. 

In the first case only the shape can be improved, and not 
the quality of the ware, for the compression causes cracks in 
the body which are only imperfectly joined in consequence of 
the lack of plasticity. 

In the second case the plasticity is replaced by a compression 
which must be the more powerful as the body is drier. But 
this object can only be partially obtained, for pressure can 
never impart to the flat molecules of clay the cohesion which 
they acquire by their mixture with a sufficient quantity of 
water. Moreover, the air which is found between the grains 
of the dry body cannot entirely make its exit by the joints of 
the mould or by the air holes which are arranged in it. 

If Fig. 103 is referred to, it will be seen that the force of 
compression begins by acting on the upper parts of the body 
in order to spread nearer and nearer to the lower. The air 
contained in the latter cannot traverse the upper layer, which 
has already been rendered dense by compression: it is there- 
fore found imprisoned in the form of flat bubbles, which 
separate the layers of body and prevent all adhesion. This 
serious difficulty can only be remedied by giving several 
successive pressures, each time allowing the imprisoned air to 
escape. Nevertheless, for very thick wares this remedy is in- 
sufficient. 

Moreover, moulding with a dry body, which does not take 
into consideration the essential physical properties of the clay, 
would be entirely condemned if it did not in certain cases, by 
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means of the simplification of the preparation of the bodies, and 
by the suppression of the drying, enable the prices of the manu- 
facture to be considerably diminished, although at the expense 
of the quality of the ware. 

111. Presses.—The systems of presses are very numerous, and 
their complete description would be a veritable treatise on 
mechanics. Some general indications will therefore only be 
given here, interesting only from a strictly ceramic point of 
view. 


Fia. 105.—Lever Press. 


The presses can act either by shock or by pressure. 

In presses by shock it is necessary to accumulate, in the 
plunger and the mechanism which commands it, an active 
force corresponding to the work to be done. As the estimation 
of this work is too complex to be done by calculation, one can 
only render account of it by trials of the power of the: press. 

The movement is perforce intermittent, the mandrel or one 
of the parts of the mould continuing its movement until all the 
active force has been destroyed by the work of resistance. With 
squeezing moulds the stoppage is produced when the two parts 
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of the mould come in contact, the blow being chiefly mitigated 
by the seam of the body. With compression moulds it is the 
body alone which determines the stoppage of the plunger. In 
consequence it is very important each time to place in the same 
quantity of body, failing which the wares would present varia- 
tions of thickness, 


Fic. 106.—Screw Press. 


Presses by shock must be employed when the power of the 
motor is not sufficient to give the desired pressure. This is 
especially the case with presses worked by manual labour. Figs. 
105 and 106 show two examples of this kind. In the first, the 
man acts by exerting the weight of his body on a lever, which 
forces the bases of the moulds forming mandrels to rise, while 
compressing the body against the sides of these moulds. The 
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latter are represented open in the position which they occupy 
at the time when they are being filled with body; at the time 
of pressure they are brought down and held by a hook. The 
delivery is done by taking down the caps and by continuing to 


Fic. 107.—Machine Screw Press. 


raise the bases by means of a lever. In the second, the moulder 
acts on a screw by the aid of a fly-wheel, which he hurls with 
force by means of handles. The screw carries the upper part 
of a mould, the second half of which can be displaced through 
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the length of a slide, in order to allow it to be turned upside 
down and to effect the delivery. 

The same arrangement is often employed (Fig. 107) by work- 
ing the fly-wheel of the screw by means of two discs set in 
motion by a motor, the one causing the screw to turn by friction 
in the direction of the descent, and the other in that of the 
ascent. 


Fic. 108.—Excentric Press. 


A mechanism, worked by a workman, or sometimes auto- 
matically, brings by rotation each dise in contact with the fly- 
wheel. The delivery can be done as represented in Fig. 119, or, 
indeed, by raising the base of the mould by the ascending 
motion of the screw. 

Shock presses can be constructed by making use of other 
mechanical arrangements, for example, of stamping mills moved 
by cams, of excentric wheels worked by a fly-wheel, ete. 
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In presses acting by pressure the force of the motor is produced 
during the compression. This force can be calculated and the 
pressure exerted proportioned to the square inch of surface of 
the mould: the motion is intermittent or continuous. 


Fic. 109.—Excentric Tile Press, 


The type of presses with intermittent action is the hydraulic 
press, the working of which is too well known for us to dwell 
on this subject. They are only used for the making of tiles, 
and in the chapter dealing with this manufacture will be found 
some details on their application in ceramics. 

Presses with continuous action are usually based on the use 


280 TREATISE ON CERAMIC INDUSTRIES. 


of cogs or excentric wheels, which, at each rotatory movement 
of the motor beam, give one or several increasing pressures, 
When the articles to be made are of very small dimensions 
they can be worked by hand, as shown in Fig. 108, but generally 
they are set in motion by a motor. Fig. 109 represents a 
press of this kind used for the manufacture of tiles. The upper 
part of the mould receives by an excentric wheel an alternate 
motion from top to bottom. There are five lower moulds arranged 
on a framework of five sides (pans), which turns a fifth part of 
the circumference at each pressure so as to allow a cake to be 
placed at one side in a continuous manner, and to deliver at the 


Fic. 110.—Quadruple Brick Press. 


other the tile made. A side bolt holds this framework during the 
pressure, 

Finally, as the last example, Fig. 110 represents a brick 
press with excentric wheels, working two twin plungers, while 
four pairs of moulds are arranged on a turn-table making a 
quarter of the circumference at each pressure. The delivery is 
done automatically, by the raising of the lower part of the 
moulds ; analogous machines, based on the use of excentrics,.cogs 
or levers, have been constructed after a great number of different 
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types, chiefly for the moulding of bricks in dry body. A descrip- 
tion of some of these machines will be found in the chapter 
relating to the manufacture. 


(f) Moulding by Slip Casting. 

112. If a dry plaster mould is filled with a liquid body, and 
if at the end of some minutes the remaining liquid is removed, 
the walls of the mould are seen to be covered with a more or 
less thick layer of the body, while a part of the water has 
been absorbed by the plaster. By afterwards leaving this body 
to become hard it can be delivered, and in this manner an 
article is obtained reproducing exactly the form of the mould, 
and having everywhere the same thickness. 

But, in order that this deposit may acquire a sufficient 
thickness, it is indispensable that the body should not be very 
plastic, so that the absorbing action of the plaster may con- 
tinue to be produced. With a plastic body, the first layer 
deposited forms a coating impermeable to the water. This 
process of making cannot consequently be employed except for 
certain porcelain bodies, or in a more general way for those 
having kaolin as a base. 

The body should be extremely fine, and very well prepared. 
It is expedient, before using it for moulding, to separate from 
it all air bubbles, and, for this purpose, to make it pass through 
a very fine sieve. 

The moulds do not differ from those used for moulding by 
hand. According to the form of the object to be reproduced, 
they are in one or several pieces. After having put them to- 
gether they are placed in such a way that the opening through 
which the body will be made to flow will be found at the upper 
part. The excess of body can be removed either through the 
same orifice, or (which is better for strong bodies) through a 
lower orifice, which is closed during the pouring by means of 
a plug. The slip is poured into the mould rather gently in 
order to avoid incorporating with it any air bubbles. It is 
allowed to remain for some minutes, then the body left is re- 
moved. The length of time depends on the plasticity of the 
body, and on the absorbing power of the plaster, that is to say, 
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on the thickness of the walls of the mould, and on their degree 
of humidity. 

According to the dimensions of the piece, these walls should 
have from two to four inches, and it is usually necessary to 
have the mould dried in a drying stove after each operation. 
On rare occasions, for small pieces, they will be able to be used 
twice consecutively. 

If the object to be made must have rather a large thickness, 
it is preferable to make the “ pouring” in two or three times, 
allowing the body to harden a little between each operation. 
When the moulds have undercut, narrow parts, or ornamentations 
a little sunk, it is well to paint them before casting with the 
clear body by means of a brush, in order to prevent the air 
remaining imprisoned in it. It may happen that the absorbing 
action of the plaster may be too rapid, which would cause breaking 
in the pieces, but it is easy to remedy this by covering the inside 
of the mould with a very thin layer of an emulsion of hard 
soap in olive oil. 

In other cases, for large pieces which must have strong thick- 
ness, the absorption of the plaster can, on the contrary, be hastened 
by placing the outside of the mould in a hermetically sealed box, 
in which the vacuum is made by means of a pneumatic machine. 
The same end can be arrived at by closing, on the contrary, 
the interior of the mould, and by putting it in communication 
with a reservoir of air under pressure. 

Moulding by casting has great advantages in comparison with 
other processes. It simplifies the preparation of bodies and allows 
the making of very difficult pieces. Unfortunately, it only 
applies to certain bodies and necessitates a very large number of 
moulds, which rapidly wear away. It can also be used for the 
making of certain thin pieces which it would be difficult, if not 
impossible, to obtain by other processes. 


(g) Finishing. 


113. Finishing consists of a series of manual operations, which 
are variable according to the form of the object made, but always 
having two aims :— 

1. To correct the imperfections of making. 
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2. To unite the different pieces of an object, which have 
been obliged to be made separately. 

The imperfections of making consist chiefly in the seams of 
the moulds, and in certain parts which had to be left solid, but 
which it is necessary to scoop out. When the pieces have been 
thrown, the finishing is generally done on the lathe. The body 
is first allowed to harden and then is proceeded with as has 
been described when dealing with turning. For objects obtained 
by other processes, finishing is done by means of hand tools, 
very diverse in form. 

The only difficulty of this operation consists in effecting it 
at the time when the body has assumed the suitable consistency. 
The object must be hard enough not to lose its shape, and can 
yet be cut either by a knife or steel wire in such a way that 
shavings and not granulous pieces are produced. When this 
finishing must be done simultaneously on a large number of 
pieces, certain precautions must be taken so that their drying 
takes place equally. When necessary the latter is arrested by 
keeping the objects in a damp place. 

The manual operations of finishing have different names, 
which vary a little in the various branches of the ceramic 
industry. They can be thus distinguished :— 

Scraping, which consists in removing the seams from the 
moulds. 

Carving (undercutting), in which those parts are removed 
which have been obliged to be left solid in order to work the 
delivery. 

Grooving and perforating, the aim of which is to make in 
the body apertures or holes, which it would be too complicated 
or impossible to obtain directly in the making. | 

Finally, repairing, intended to correct by means of a small 
quantity of body and with scrapers the defects, such as bubbles, 
<avities and cracks, which have arisen during the making. 

The reunion of the separate parts of a single object can be 
done by sticking or by slipping. 

Sticking is employed to reunite the thick parts; an example 
of this has been given when dealing with throwing (Fig. 63). 
It must be done when the body is still sufficiently plastic to be 
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able to be made by hand, and yet having sufficient resistance 
not to lose its shape under a certain amount of pressure. The 
parts to be reunited are cut bevel edged, as is represented by 
Fig. 111. If the sticking must be done at a corner, a little of 
the body is added in the re-entering part, after having made 
it in the form of a small cylinder or point. The parts to be 
united are first moistened, then one hand is placed inside, the 
other outside, and pressure is exerted by endeavouring with the 
fingers to mix intimately the bodies of both parts When the 
shape of the article does not allow of the hand being introduced 
on one side, it is replaced by a damp sponge fixed to the end 
of a stick. The sticking being finished, smoothing is done with 
a sponge, and equalisation with scrapers. 

Slipping is employed for bodies which are but little plastic, 
and for fine objects, handles, spouts, feet or stands, ornaments, 


Fic, 111.—Sticking. 

ete, which have been made by themselves and which would 
lose their shape by sticking. The body must in this case be 
more consistent. The objects to be united having been made 
and so adjusted that the surfaces to be slipped correspond exactly 
one with the other, these are rendered slightly rough by means 
of a small iron or a comb, they are covered with rather a 
liquid slip, and pressed strongly one against the other. At the 
end of a short time they can be released and the excess of body 
which forms a seam removed by means of a brush. Fig. 112 
shows the surfaces of slipping (mm) of a vessel with a handle 
and a spout. Sticking is a very simple operation, but, in order 
that it may be successful, it is necessary that the objects to be 
joined, as well as the liquid body, should have the desired 
consistency. It is only experience which, in each case, enables 
the most favourable conditions to be determined. 
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The manual operations of slipping are known under the name 
of handling when they are applied to handles, spouts or stands, 
and by that of sticking (sprigging, figuring) when their aim is 
the placing of ornamentation. 


(h) Slipping. 
“14. Slipping is an operation the aim of which is to cover 
dy made by a layer of another body known by the name of 
p. In doing this, there can be three purposes :— 
1) To modify the colouring and the appearance of the first 


< 


Fig. 112.—Handling. 


2) To give to the latter the properties suitable for enabling 
: be covered with a given glaze. 

3) To obtain, by the use of bodies of various colours, decor- 
» effects. The means employed for this purpose will be 
tioned in the chapter relating to the decoration of pottery 
Yonsidered merely in the light of fulfilling the first two 
, slipping is a very simple operation in itself. The only 
ulty consists in finding a slip fultilling the required con- 
ns and having the same shrinkage in drying and in firing 
he body made up. The desired composition can only be 
‘ed at by trials in which is taken as the foundation the 
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slip which one has in view. Then there is mixed with it a 
plastic material, such as white clay, or a non-plastic material, 
such as fine sand, until the trial pieces obtained are without 
defects. If the body has more shrinkage. than the slip the latter 
cracks, leaving in its place the bare body. If the contrary 
defect is produced the slip becomes detached and “ breaks off 
in scales”. 

When the slip has the desired composition it is blunged in 
the state of a liquid body, as it has been stated when dealing 
with the preparation of bodies. It is sufficient to observe that 
the quantity of slip used, being always very slight, these are 
processes applicable to small productions which should be utilised. 

The body made must on its part be hard enough to be able 
to be manipulated without danger of losing its shape, and, on 
the other hand, it must not be too dry, so as not to absorb the 
water of the slip, which would consequently become dry and 
would not adhere. 

The placing on of the slip is done in different ways :— 

By dipping the object in a vessel containing the liquid slip, 
either by immersing it entirely or by only dipping those parts 
which it is desired to slip. 

By sprinkling, in pouring on the object the slip, the excess 
of which falls into a vessel placed below, a process employed 
when it is only desired to slip the exterior. 

By filling the object with the liquid, and by emptying it 
shortly afterwards, a method utilised for slipping the inside 
of vessels, 

Finally, by applying it with a brush. 

It happens sometimes that the slip, formed of white clay and 
sand, is considerably more refractory than the body, and sticks 
to it badly after firing. This fault can be remedied by the 
addition of a certain proportion (from 1 to 10 per cent.) of 
alkalies, which considerably increases the fusibility and the 
adherence. 

In certain cases it is necessary to give to the slip a greater 
thickness than that which it is possible to obtain by the means 
which have just been indicated. This circumstance arises par- 
ticularly in the case of paving tiles, which are liable to diminish 
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in thickness by wearing, or when, in the making by mould, the 
pieces of pottery have projecting parts, for which it is desired 
to preserve a precise form. In the first case a thin slip would 
be quickly destroyed and would leave the body with its natural 
colouring; in the second case it fills the hollows, blunts the 
corners, and removes from the piece of pottery the special char- 
acter which it is desired to give to it. 

It is then necessary to have recourse to a process of slipping 
known by the rather unsuitable name of ‘‘incrustation,” which 
consists in moulding simultaneously two bodies forming two 
layers placed above each other, the thinner, placed on the apparent 
facing, constituting the slip, and the thicker, inside, serving to 
give to the piece of pottery the thickness necessary for its 
solidity, representing the body properly so called. According 
to the processes of making employed, the incrustation can be 
done in different ways. 

In making by hand with plaster moulds one begins by 
applying the layer of slip in the mould, in‘such a way that it 
well fills all the parts in relief; then the body is added, 
forcing it to stick as well as possible to the slip. 

In making by press, a rough outline is first made by means 
of two layers of body placed above each other parallel; or, when 
the making is done with dry body, one begins by placing in 
the mould a certain quantity of powdered slip body, and the 
fillmg is accomplished by some pulverised body. In both cases 
the pressure determines the adhesion of the body and its slip. 

In Chapter VIII., relating to decoration, will be found other 
indications on coloured slips. 





CHAPTER V. 
DRYING. 


Summary.—§ 1. Drying of Bodies: Theory of Drying—Influence of the Nature of the 
Body, of the Consistency and of the Method of Formation, of the Shape of the 
Objects, and of the Rapidity of the Drying. 


§ 2. Processes of Drying: Drying by Evaporation—Aeration—Heating— Ventilation 
—Hested and Aerated Dryers—Dryers Heated and Ventilated with Fixed and 
with Movable Shelves—Drying by Absorption. 


' 
§ 1. DRYING or BODIES. 


115. Theory of Drying.—By the term drying is understood the 
operation by which the water of formation is removed from the 
bodies. The aim is to harden these sufficiently so that they can 
support the manipulation of the oven, and to make their firing more 
rapid and less eventual. It is only when the formation has been 
done in the dry body that the drying can sometimes be avoided 
and the ware placed in the oven immediately the bodies are made. 

It has been seen in the preceding chapter that the drying could 
be done at least partially either by evaporation or by absorption in 
plaster moulds. But whatever the process may be, the modifications 
which are produced in bodies are the same and they can at first be 
studied independently of their cause. 

If we examine what happens in the drying of any made body 
we see that it is naturally the surfaces which begin by losing 
a certain proportion of water. The latter is restored to them in 
part by the interior layers which are nearest to them, then this 
action is transmitted gradually till it reaches the centre of the mass. 
Then is produced a flowing of the water from the centre towards 
the surfaces, the more rapid, the more intense the elimination is, 
but the speed of it depends on the texture of the body. 

This flowing takes place by capillarity. It continues with the 
same quickness so long as the drying action is not transmitted to 
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the centre of the ware ; from that moment, the reservoir of humidity 
beginning to lower, the speed of the flowing diminishes, but it is 
not till after rather a long time that it ceases altogether, when the 
body is uniformly dry. | 

The elimination of the water takes place theoretically in two 
periods : in the first it is constant, proportionate to the duration of 
the drying ; in the second it diminishes progressively until it ceases 
entirely. 

On the other hand, so long as there remains in the body 
a sufficient quantity of water to allow the grains to become dis- 
placed, the latter collect together, filling up the spaces occasioned 
by the departure of the water which separated them. The result is 
a diminution in volume equal to the volume of water eliminated. 

This action continues until there no longer remains sufficient 
water to allow the grains to move. From this moment the con- 
sequence of the elimination of the water is the production, in the 
interior of the body, of spaces equal to the volume of water which 
has been got rid of. 

This second phase of the drying continues until the whole water 
of formation has been eliminated. If the drying has taken place 
equally throughout the whole mass, these two phases would be 
clearly distinct, but this condition being impossible to fulfil, the 
edges and the surfaces being necessarily dry before the centre, the 
drying is in reality subdivided into three phases :— 

1. That in which the body diminishes in volume proportionally 
to the water eliminated. 

2. That in which it begins to form spaces at the same time 
that the body continues to contract. 

3. That in which the volume ceases to diminish, the spaces 
which are produced being proportional to the water eliminated. 

These theoretical considerations can easily be confirmed by 
determining during the whole time of the drying of a body, and at 
fairly close intervals, its weight and its volume. 

Volume.—The following table gives an example of trials of | 
this kind, with a plastic clay made by hand in the form of 
cylinders of 1°575 in. diameter and 7‘874 ins. long, the con- 
sistency being that of half-soft body :— 
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| 
Weight of | Volume of 
Shrinkage 
Linealé 
Water. Clay. Water. Spaces. 


Per Cent. | Per Cent. | Per Cent. Per Cent. | Per Cent. | Per Cent. "a 
| 
| 


It is seen that the trial piece, having in weight 75 per cent. 
of clay and 25 per cent. of water, and in volume 55:1 per cent. 
of clay and 44°9 per cent. of water, has experienced during a 
drying which has lasted 156 hours a lineal shrinkage of 8 per 
cent., its volume being reduced to 77°9, consisting of 55:2 per 
cent. of clay and of 28°8 per cent. of spaces. 

These figures can be represented graphically (Fig. 113) by 
dividing an horizontal line proportionately to the number of 
hours, by raising perpendiculars for each dozen hours, on 
which are marked the volumes of clay, water, spaces, shrinkage, 
and connecting by continuous lines the points thus determined. 

In the first stage of the drying, for about twelve hours, the 
initial volume of the trial piece, represented by AC, of which 
AB stands for the water and BC for the clay, is reduced to 
EG, of which EF stands for water, the shrinkage DE being 
equal to the volume of water eliminated. 

In the second stage, from the twelfth to the sixty-ninth 
hour, the volume is reduced from EG to IL, the water passes 
from EF to JK, and the spaces, at first nothing, become equal 
to IJ. 

Finally, in the third stage, from the sixty-ninth to the one 
hundred and fifty-sixth hour, the volume varies no longer, IL 
being equal to NP, and spaces are formed in the place of the 
water, which is eliminated more and more slowly. 

The preceding table, as well as the graphic representation 
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(Fig. 113), only refer, let it be well understood, to conditions of 
experience, that is to say, to a given plastic clay, moulded by 
hand in the form of cylinders, dried slowly and regularly. It 
would suffice to make some modifications in any one to pro- 
duce results more or less different, but the preceding example 
has been chosen as a type because it represents a frequent case 
in ceramics. 

The theory of the drying of bodies being thus established, 
it remains to examine the action of the nature of the body, of 
the consistency and of the method of formation, of the shape of 
the objects, and finally, of the duration of the drying. 


VOLUMES 


Hurs0 2 NH % B © A 6 % im MO BE M HE 
DUREE DE LA DESSICATION 
Fre, 118.—Diagram of Drying. 

116. Influence of the Nature of the Body.—The following 
table shows the results of a great number of trials made with 
the most varied clays, by measuring the duration of the drying 
and the shrinkage of the spaces. This work has been done by 
giving to all bodies the consistency of half-soft body; cylinders 
have been made as previously (diameter 1°575 in., length 7874 
ins.), which have been dried simultaneously. Chhys have been 
divided into four classes: kaolins (average of seven different. 
tests), plastic clays (six tests), clays moderately plastic (fifteen 
tests), and open clays (nine tests) :— 


16 
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| Wolght of 


Duration of 
Drying. 





Kaolins Plastic body 


Dry body . 
{ Plastic bod; 
Plastic. - | Dry body dé 
1 Plastic body 

Dry body . 
Open. . | Plastic body 
© | Dry body + 


Non-plastic 
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These experiments show the differences which exist from a 
ceramic point of view between kaolins and plastic clays. The 
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Fre. 114.—Diagram of the Drying of Different Bodies. 


proportion of formation water is the same, but kaolins have 
a much prompter drying, a considerably slighter shrinkage, and, 
in consequence, a much larger proportion of spaces. On the 
other hand, clays, properly so called, present no other differences, 
except those which result from the variable proportion of the 
water of formation. The preceding results being average ones, 
certain clays can differ from them considerably, but in these 
cases an examination of their composition will reveal the cause 
of their divergencies. The preceding figures are represented 
graphically by Fig. 114. 
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Analogous results will be obtained with different plastic bodies. 

Thus with reference to the duration of the drying, the shrink- 
age, the volume of the spaces, it is necessary at first to distinguish 
kaolinic bodies from clayey bodies. The first, all being equal, 
dry more rapidly, have less shrinkage and more spaces. This 
primary distinction being made, bodies only vary among them- 
selves, from the point of view of the drying, by their contents 
of water of formation. The greater the latter is, the longer is 
the time taken in drying, the greater the shrinkage and the 
greater the amount of spaces. It is well to remember that the 
proportion of the water of formation only depends on the 
texture of the body, that is to say, on the fineness of its grains. 
As the grains of hydrosilicate of alumina are the most tenuous, 
these necessitate most water; then come those of carbonate of 
lime, those of silica (sand, quartz, silex, etc, finely pulverised), 
and, finally, those of coarse grained silica. Thus, given equality 
of plasticity, a pure clay opened with lime-stone will absorb 
considerably more water of formation than the same clay opened 
with silica. 

117. Influence of the Consistency.—By modifying the consistency 
of a particular body, it is evident from the preceding observations 
that the duration of drying, the shrinkage, and the proportion 
of spaces will be made to vary at the same time. The firmer 
the body, the more rapid the drying, the greater the shrinkage 
and the slighter the spaces, but there is not an absolute ratio 
between these different quantities. 

For example, if it is desired to make with a clayey body 
moderately plastic, containing 5 per cent. of hygrometric water, 
cylinders having a volume after drying of 100, it will be necessary 
in the humid state to give to these cylinders a volume of 

100 for 5 per cent. of water 


104 LE) 10 9 ” 
111 , 15, " 
120 ” 20 LL 8 
130 ,, 25, » 
141 ,, 30 ,, " 


that is to say, the shrinkage in volume will be 


0 per cent. for 5 per cent. of water, or a lineal shrinkage of O0 per cent. 


4 9? 10 ” ” ” 1 ” 
11 ” 15 ” 5, ” 4 ” 
20 ” 20 ” ” ” 7 ” 
30 ” 25 ” ” ,, 11 ” 


41 9 80 59 LL ” 16 LE 
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On the other hand, these 100 volumes of water will contain 
after drying 


20 per cent. of spaces for 5 per cent. of water 
21 ” ” 0 » ” 


225 —«, mn 15 » ” 
245 , » 2  , ” 
aT oy ” Boy ” 
80 ” ” 0 ” 


In Fig. 115 these figures have been represented in graphic 
form, but it must be understood that they are only given as 


VOLUMES 
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PROPORTIONS D'EAU 
Fic, 115.— Influence of Consistency upon Shrinkage and Pores. 


an example, for they depend on the nature of the body, on the 
method of formation, on the shape of the object, and, to a certain 
extent, on the rapidity of the drying. Their import must not, 
therefore, be considered absolute, but only as in keeping with 
the general law which they represent. 

The duration of the drying is evidently thus influenced by 
the proportion of the water of formation. By making identical 
trial pieces, with bodies containing more or less water, by drying 
them together slowly, and by weighing them at regular intervals, it 


_ 
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can be proved that about three-quarters of the water is evaporated 
during a time which is perceptibly proportional to the contents of 
water, but that from this moment the drying becomes slower in 
proportion as the body becomes more consistent. By marking on 
an horizontal line the number of days taken in drying, on vertical 
lines the proportion of water remaining, and by joining by lines 
the points thus obtained, the progress of the drying can be 
represented graphically. Fig. 116 represents an attempt of this 
kind, made on the body previously spoken of. It is necessary 
here also only to consider this as a general indication. 


D'EAU 


PROPORTION 


Jours 1 £ s + 5 6 1 
DUREE DU SECHAGE 
Fre. 116.—Infiuence of Consistency upon Duration of Drying. 
Theoretically, the different methods of formation have no 
other influence on the drying except that which results from 
the variations in the consistency of bodies. Exception, however, 
must be made for certain defects of making, which are revealed 
at the time of drying, and which owe their origin to inequality 
of pressure. These are fairly frequent in moulding by hand and 
in throwing when the workman does not exercise a very regular 
pressure with his hands. They are also produced in the stretch- 
ing, when it is difficult, as has been seen, to obtain a uniform 
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pressure in every section. Finally, in moulding by press, they 
can result through a defect in the mould. In all cases the parts 
most pressed dry most slowly ; the result is inequality in shrinking, 
which causes deformation of the ware. 

118. Influence of the Shape of the Objects.—The evaporation 
taking place on the surfaces, it is evident that the drying will be 
proportionately rapid, as these surfaces are large in reference to 
the volume. Thus a solid brick of 22 x 10°5 x 6 cm. has 
a surface of 852 square centimetres and a volume of 1,386 
cubic centimetres, while a hollow brick of the same dimensions 
having 6 holes and sides 1 centimetre in thickness will have a 
surface of 1,779 square centimetres and a volume of 963 cubic 
centimetres. The proportion of the surface to the volume is, in 
the first case, 1 to 0°613, and in the second 1 to 1870. The 
drying will, therefore, be three times more rapid in the case of 
the hollow brick than in that of the solid brick. 

This proportionateness is obviously verified in practice for all 
wares having a uniform and relatively slight thickness, such as 
hollow bricks, quarries, tiles, thin pieces of pottery ware; but it is 
not the same for very thick articles, the flowing of the water by 
capillarity becoming more and more difficult in proportion as the 
thickness increases. For very large articles, such as refractory 
blocks, complete drying can only be obtained by employing 
powerful methods of drying. 

In the drying of three spheres of different diameters, made by 
hand of rather an open body containing 20 per cent. of water, the 
following results have been obtained :— 


Diameter of spheres (in inches) . . 2-047 8-987 7°56 
Proportion of surfaces . . . . 1 8°65 18°4 
Proportion of volumes . . . . 1 7 49 
Proportion of surfaces to volumes . 1 1°91 3-66 

Half of water was evaporated at end of 40 64 120 hours. 
Drying was complete at end of . . 100 250 600 ,, 


In a general way the principle can be enunciated that for thin 
ware the time of drying is, other things being equal, proportional to 
the thickness, or in the proportion of the surface to the volume. 

For thick ware the drying follows at first an analogous way of 
proceeding, but it becomes considerably slower towards the end, and 
it is difficult to remove the last traces of humidity. 
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When the body is homogeneous, it is evident that the shrinkage 
should take place uniformly in all directions, all dimensions dimin- 
ishing in the same proportion. However, in order that this principle 
may be applicable, it is necessary that the shrinkage may be able 
to take place equally, and not be impeded by even the shape of the 
object. The thin parts, corners and edges drying more rapidly, their 
shrinkage is hindered by the resistance of the thicker parts, which 
are still humid. Then, when the latter dry, they are in their 
turn restrained in their shrinkage by the thin parts, which are 
already rigid. The result is warping and tension, which cause 
ruptures. 

Speaking generally, it is well to observe the following rules in 
the making of models :— 

(1) Avoid too thick parts, by making, if necessary, some 
hollowings, so that every article may have, as far as possible, a 
uniform thickness. If it is impossible to fulfil this condition, at 
least avoid an abrupt passage from one thickness to another by 
making levellings. 

(2) Avoid unsymmetrical shapes or parts which are too project- 
ing. If these forms are enjoined, it is preferable to make the 
article in two or several pieces. 

(3) Avoid objects of too large dimensions, especially when one 
of them is exaggerated in proportion to the others. It is better, as 
in the previous case, to make them in several pieces. 

Even when applying these rules, it rarely happens, in the 
case of fairly large pieces or of more complicated shapes, that the 
shrinkage is absolutely uniform, and it is usually necessary, when 
the measurements must be accurate, to make retouches in the 
models, following the results observed in a first making. 

119, Influence of the Rapidity of the Drying.—When the dry- 
ing takes place slowly and regularly, the inequality between the 
humidity of the edges, the surfaces, and the narrow parts and that 
of the interior or thicker parts remains rather slight, so that the 
variations in shrinkage do not have troublesome consequences. It 
is no longer the same when the drying is very rapid. The anta- 
gonism between the parts already dry and those which are still 
humid can become rather great, not only sufficient to distort, but 
sometimes even to break the ware. 
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The rapidity with which the drying can take place depends on 
the shape of the article and on the texture of its body. With 
reference to the shape, we have just indicated the conditions 
which it must fulfil; as to the body, it must be neither too plastic 
nor too open. In the first case the greatness of the shrinkage 
causes distortion, and in the second the lack of cohesion causes 
ruptures. 

For certain articles having narrow parts which dry too rapidly, 
the drying of these must be retarded by covering them with damp 
cloths, with fat texture, ete Their formation also can only be 
accomplished when the drying is sufficiently advanced, so that no 
further shrinkage takes place. 

In referring to the theory of drying, it is seen that, being 
great in the first period, it is reduced progressively in the 
second, to become obliterated in the third. It follows that the 
drying must take place with a certain amount of slowness in 
the beginning of the operation, but from the time when the 
body, having lost its plasticity, has no further shrinkage, the 
evaporation can, without fear, be strongly pressed. In practice 
this moment is easily recognised by the change of colour in the 
body, which becomes clearer. 

The preceding considerations also enable one to take into 
account that the shrinkage must be slightly less when the 
drying is rapid than when it is slow. A direct trial has shown 
that, given two identical cylinders made with the same body, 
the one, dried in twenty-four hours, has had a shrinkage of 
7:75 per cent., and the other, the drying of which has lasted 
fifteen days, has had 8°50 per cent. shrinkage. 


§ 2. PROCESSES OF DRYING. 


120. Drying by Evaporation.—In order to dry a body by 
evaporation it must be placed in a relatively dry atmosphere 
which can provide it with a certain quantity of heat, and 
which can be renewed so that the water evaporated can be re- 
. moved. First, it can be proposed to determine, independently 
of the process of drying employed, the volume V of air and 
the heat C necessary to evaporate 1 kilogramme of water contained 
in a body having n per cent. of water of formation. 
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Let 0 be the surrounding temperature. 
» À 4 temperature of air entering into the dryer. 
» & » » » going out of the dryer. 
» P  » weight of water vapour in grammes contained in 
one cubic metre of air entering. 
» P  , weight of water vapour in grammes contained in 
one cubic metre of air departing. 
a ,, co-efficient of expansion of gas=0-00366. 
» l3kg , weight of a cubic metre of air at 0°. 
» 0°237 ,, specific heat of the air. 
» 0°200 ,, » of the body. 
One cubic metre of air going out at ¢°, corresponding to 


1+aT 


1x 1 + at 





-seubie metre of air entering at T°, the weight of water removed 
by this cubic metre will then be 








1+ aT 
P-px 1+ at’ 
whence : 
_ 1,000 
VE, 14e (9) 
— D . 
1 + at 


The heat given off by this air is equal to 


18 
nn — je 
V x (T - 6) x 0-287, 


or ° 
0-308 V (T - 2) 
1 + at ° 


It is used to vaporise 1 kilogramme of water, requiring, according 


to Regnault, 


6065 — 0°695t calorics, 

and to raise from @ to ¢° the temperature of n kilogrammes of body, 
n x 0-2 (¢ - 8) calorics. 

From this we deduce this second equation: 


0-308 V (T — 4) _ 606-5 — 0-695¢ + 0-2n (t - 6). (0) 
1 + af 


On the other hand, if it is granted that the air going out is 
saturated with humidity, ¢ and P are connected by a function 
given by the tables, indicating the tension of the water vapour 
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in the air at the different temperatures On its part p can be 
considered as a known quantity, that is, at the maximum, the 
weight of water vapour contained in one cubic metre of air at 
@. There remain therefore, in reality, three unknowns: V, T 
and {, connected by two equations (a) and (b), which, in leaving 
the problem indeterminate (=unsolved), allows the choice of 
the most suitable values for T and ¢. 

As to the quantity of heat expended, it is equal to the 
number of calorics necessary to raise the temperature of the 
volume V of air from @ to T; it is therefore given by the 


formula 
— 1:3 je ~ 
C=Vx raat * 0287 x (T - 6), 
or 
c-. .0°308V (T - 6) &) 
1 + at 


By replacing V by its value deduced from the formula (a) we 
have 


808 (T - 6) (@) 


= pas af) - pu + at) 


These formulas are not very easy of application; it is better 
to reserve them for more complete studies, and in practice to. 
take the following table as base :— 


Maximum Heat absorbed 


f dry 
Maximum weight of fo : 
Temperature. | tension of Vapour con- | ir, the tem 
Water Vapour. tained in 1 m3 
of air. 


— ee ——_— 


Mm. of Mercury. Grammes. ics. Calorics. Grammes. 
c 





E being the weight in grammes of the water evaporated by 
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1 cubic metre of air, the temperature of which is lowered by 
1’, the volume V is easily found by the formula 


__ 1,000 
V= E(T- 9’ (I.) 
in which we take for E the value corresponding to the tempera- 
ture T+t It must be observed that p+E (T-t), that is to 


9 . 
say, the weight of water removed by 1 cubic metre, must be 
lower than, or at most equal to, the value of P corresponding to 
the temperature t. 
Either 
pt E (T ~ t) < P, 
or 
E@-)=P-p. (IL) 
On the other hand, C being the heat furnished by 1 cubic 
metre of air, the temperature of which is raised by 1°, the heat 
employed C is given by 
C=V(T-6)c, 
in which we take for c the value corresponding to the tempera- 


ture T+ g or, by substituting for V its value obtained from 


2 
formula I., 





ç = 1000 (T - ac 
7 ET- ~ 


(III.) 

In the following articles will be found examples of the 
application of these formulas. 

In order to take account of the working of an existing dryer, 
it is necessary to measure the temperatures 6, T, ¢, and the 
contents of water vapour p and P. But these determinations, 
which it is, moreover, sometimes impossible to make, do not 
give any information on the variations which can be produced 
in the interior of the dryer. For this purpose one can often 
make use, with advantage, of a small apparatus shown in Fig. 
117, and called an evaporometer. It consists of a glass tube 
graduated with centimetres, closed at its upper part, which is 
terminated by a ring, by which it can be suspended, and the 
lower part can be closed by a sheet of blotting-paper, having a 
given surface and held by means of a small spring. The tube 
is filled with water, it is closed with the blotting-paper, and 
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the apparatus is hung up in the dryer. At the end of a certain 

time the volume of the water evaporated is read on the 
graduation, which has no signification of absolute 
value, but which, by comparison with the figures 
given by other apparatus, is proportional to the 
intensity of the drying in the part of the dryer in 
which it has been placed. 

These evaporometers can be rendered more exact 
by reducing the section of the measuring tube, and 
by increasing the surface of evaporation. This slight 
complication does not apparently have practical 
utility. 

The theoretical principles of drying by evapora- 
tion being thus established, we obtain successively 
natural drying, or drying by aeration, the processes 
of heating and of ventilation of the dryers, and the 
principal systems of artificial dryers. 

Fie. 117.— 121. Aeration.—We designate under the term of 
Eveporometer. seration the drying of bodies in the open air. The 
heat necessary for the evaporation is furnished by the atmosphere ; 
the renewal of the air is caused by the action of the wind and 
by the difference of weight which there is between the exterior 
air and the thicker air of the dryer. 

In aeration there can evidently be no drying except when 
the atmosphere is not itself saturated with water vapour, which 
is frequently the case in time of rain or fog. In order that the 
drying may be brisk, the temperature must not be too low, nor 
the velocity of the wind too slight. However, a dry or even 
fresh wind is better than a heavy heat, without displacement 
of the air. 

It is well, in the setting up of dryers by aeration, to avoid 
low, sheltered places, and to choose well-aired pieces of land, 
by placing dryers there as high as possible above the surface 
of the ground. The drying is doubly as rapid at a height of 
3 ft. 3 ins. than on the ground itself, and trebly so at a height of 
6 ft. 6 ins. It is also necessary to avoid the pressing too closely 
together, and the placing one too closely to the other. They 
should be arranged in such a way as to be easily traversed by 
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the wind, and to present their largest surface in the direction 
of the most frequent dry winds. It is also necessary to protect 
the ware against the rain, by considering that the latter can be 
often driven sideways by the wind, and by making all arrange- 
ments to ensure a rapid flowing of the waters. 

If such are the general conditions for obtaining a good aeration, 
it must not be neglected to take precautions to avoid it hecoming 
too brisk. It is well for this purpose to arrange movable screens, 
which diminish the swiftness of the too violent winds, and 
prevent the rays of the sun from striking directly on the ware. 

Except for the manufacture of certain common bricks, which 


—S—— 





Fig. 118.—Dryer. 
are sometimes simply piled one on the top of the other, the ware 
is generally arranged on isolated wooden stages (Fig. 118), or 
grouped together in the same structure (Fig. 119). The pieces 
of ware are sometimes placed direct on these shelves, but most 
often each of them is supported by a plank or wooden frame, 
the form and dimensions of which depend on those of the 
objects. 

In the climates of Western Europe aeration can only take 
place during five to eight months of the year. The drying must 
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then be interrupted during the cold and humid months. If the 
exterior temperature falls to 2° or 3° below zero, the water 
contained in the ware freezes, and the increase in volume of the 
ice disaggregates the body, which falls to pieces or contracts 
bubbles at the time of thaw. This destructive action of the 
frost is not produced on bodies which do not contain more than 
their hygrometric water. 

As a matter of curiosity, one can determine the volume of water 
necessary to evaporate by aeration one kilogramme (2°2046 Ib.) of 
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Fia. 119.—Dryer. 


water. As the temperature of the air entering into the dryers is 
that of the atmosphere, T= 6, and formula I. becomes 


_ E (6 - 2) 
v= 1,000 ’ 





with condition II., 
E(8-ZP-p. 


In damp climates the water vapour contained in the air is on an 
average § of the maximum weight which it can contain. It is 
reduced to the half in dry climates. On the other hand, the average 
temperature during the seasons in which aeration is possible varies 
from 8° to 25°. All these figures have reference to European 


DRYING. 255 


meteorological conditions; it follows that a fall of temperature in 
the dryers can never be more than to } 6, that is to say that 


1 


@6-f=-86. 
5 


It follows that for an outside temperature of 10° we have 


Vv 1,000 


=." = about 1,000 cubic metres, 
0-490 x 4 


and for a temperature of 25° 


V = Hu = about 430 cubic metres. 

These figures may appear considerable, but it must be noted that 
a wind scarcely sensible of 6 ft. 6} in. a second is sufficient to 
send through an aperture of ‘155 square inch a volume of 94°17 
cubic yards per hour. | 

In spite of its great inconveniences aeration is very much used 
for the drying of heavy ceramic wares containing a large quantity 
of water—solid bricks, bodies going out of filter presses, etc.— 
because, beyond the expenses of installation, the only cost is for 
the necessary manual work of removing the ware and placing it 
on the shelves. 

122. Heating.—It has been seen that the heat expended to 
evaporate one kilogramme (2°2046 lb.) of water is given in formula III. 


By granting that the outside temperature @=o, this relation is 
reduced to 
c= 1,000 Tc | 
Et-à 
This heat is least when E (T—+) is greatest, that is to say when 
this production is equal to P—p (formula II.). In other words, the 
heat expended for the evaporation is least when the air goes out 





saturated with water vapour. 

In admitting this case, and by giving different values to T, the 
heat expended at the various temperatures can be determined. The 
table (page 250) only giving the values of c and of E at every 5°, 
the intermediate numbers are determined by calculation of their pro- 
portions. Here are the results of this calculation :— 
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Temperature of the | Minimum temperature Number of Calorics 
air entering into the | of the air going out expended to evaporate 
Dryer. from the Dryer. 1kg. of water (2°2046 Ib.). 





These figures are the minimum, and they must be increased from 
50 to 100 per cent., according to the installations, in order to have 
the real expenditure in calorics. They show that it is desirable to 
heat as much as possible the air entering into a dryer, on condition, 
let it be well understood, that it always goes out saturated with 
water vapour. 

It is rare that a dryer can be heated directly with gas proceeding 
from a hearth. Not only would the working of the latter be difficult 
to obtain, but the gas of the combustion leaves on the ware deposits 
of carbon substances and occasions condensation of sulphurous 
vapours, which are always injurious. 

The heating of the air can be done in two ways: either the heat 
is produced in the interior itself of the dryer, or the air enters into 
it, having been previously heated. In both cases it is sought to 
utilise as much as possible the heat which has been lost from the 
stoves, or from the waste steam of the machines without condensa- 
tion. 

123. Ventilation.—In many cases ventilation is produced by 
simple aeration, that is to say that the air enters and departs from 
the dryers heated by openings more or less regulated, or sometimes 
simply by fissures of the partitions and of the roofing. This system 
is only permissible when there is a great excess of lost heat, or 
when the drying is done in places of habitation. However, it is 
nearly always usual to have recourse to a special process of ventila- 
tion, that is to say, to flues or to mechanical ventilation. 

- In flues the air must depart at a higher temperature than that 
of the exterior. Its velocity is given by the following formula 


(page 347) :— 
pa \_2gaH (t - 6) (1 - a), 
1 + a@ 
in which 
g = 98088 a = 0-00866. 
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His the height of the chimney ; ¢ the temperature of the air going 
out; 8 that of the outside air; a the relation of the resistance 
opposed to the current of air by all the obstacles which it meets 
on its way to the base of the chimney. By making S the section 
of the chimney, the volume of the air departing is— 


V=Sxe 


If the way traversed by the air is not long,.if the resistance is 
slight and the section S large enough, a good ventilation can be 


Fig. 120.—Ventilating Fan. 


obtained with chimneys from 25 ft. to 50 ft. high, for differences of 
temperatures (t — @) of only 3° to 4°. ‘As the temperature ¢ is never 
very high, these chimneys are generally made of joined planks 
or covered with tarred paper. 

Mechanical ventilators must be used whenever a current of air 
meets with a rather great resistance on its course. If they have the 
disadvantage of necessitating a motive force, they have, on the other 
hand, the advantage of ensuring a powerful action which can be 
regulated at will, independent of the interior temperature and of the 
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exterior ; their use also is becoming more and more frequent. They 
are all based on the same principle, only the shape of the fans 
varies according to the constructors. 

Figure 120 shows the arrangement generally adopted. A pulley 
causes à beam to turn, which is upheld by two ledges supporting 
the ventilator with fans, properly so called. The structure is fixed 
in any position, vertical, horizontal or inclined, against the wall or 
a partition having a circular aperture, the diameter of which is 
equal to that of the ventilator. The latter takes in the air and 
compresses it by the aperture. 

Here are some indications on those apparatus :— 


: : Number of  |Volumeof Airgiven| Motor Force 
Diameter. Revolutions. out per Minute ! employed. 


—__ — — ———— 


Inches. Cubic Feet. Horse Power. 
14°548 
21°822 
27°278 
82-753 
88-188 
49-644 





The ventilators most used have from 21:822 in. to 38°188 in. 
diameter ; the depression varies from ‘03957 in. to ‘3937 in. of water, 
according to the velocity. The systems now most known are those 
of Blackman, Scott, Desgoffes and Georges. ° 

The transmission of force is often rather difficult to establish. 
It is generally done by thick cords by means of an intermediary 
transmission. Sometimes it is found advantageous to employ a 
small electric motor. 

124. Heated and Aerated Dryers. — Artificial dryers can be 
divided into three classes :— 

1. Dryers heated and aerated. 

2. Dryers heated and ventilated with fixed shelves. 

3. Dryers Heated and ventilated with movable platforms. 

In heated and aerated dryers the lost heat is made use of, or 
special processes of heating are employed, often only working during 
the bad season, but there is not any ventilation properly so called, 
the renewing of the air being made by aeration. The heat is never 
very high, also the workman can make it circulate there constantly. 
They are often placed near or even in the place intended for the 
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manufacture. The ware is placed, as in the case of aeration, on fixed 
ledges. 

The arrangements adopted are very variable according to the 
source of the heat utilised, the processes of manufacture and the 
local circumstances. They can, however, be divided into three 
groups :— 

(a) Dryers placed by the side of or above the furnaces, 
utilising their lost heat.—This arrangement is very much used 
in brickworks, tile factories, drain pipe factories, quarry factories, 
ete. Fig. 121 shows one of these applications. The oven is placed 
in the centre of the structure, of which the upper ledges are occupied 


Fie, 121.—Dryer. 


by the dryers. The aeration takes place by means of windows and 
of the roof lantern. The heat from the oven is sufficient to raise 
the interior temperature of the structure by some degrees, and to 
shelter the ware from frost. The drying is very economical, but it 
is often rather irregular and greatly influenced by the outside 
atmospheric conditions. 

(b) Dryers heated by circulation of hot air, hot water or 
vapour.—This arrangement is frequently used in potteries, faience 
factories, porcelain works, where the rough action of the heat set 
free from the ovens is to be feared. The shelves are generally 
placed in the places used for the making, and the canalisation is 
near the wooden floor. Aeration takes place equally by the 
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windows or by special openings The heating varies according 
to the exterior temperature. 

This arrangement has the advantage of placing the dryers near 
the workmen employed in the making, and of enabling them to 
supervise the drying. On the other hand, it is not economical, 
and compels them to remain in a warm, damp atmosphere to the 
injury of their health. 

(c) Dryers heated by flues placed above the floor, the place 
being able to serve either for the making or being exclusively 
reserved for drying.—This arrangement is seen chiefly in manu- 
factories for refractory ware, where one has often to manufacture 
pieces, the dimensions of which are too large to allow them to 
be moved in a damp state. The heating is effected sometimes 
by causing pipes to circulate under the ground, connecting the 


Fi. 122.—Dryer. 


ovens with the chimney; also special fireplaces are frequently 
employed, the gas from the combustion of which circulates in 
the channels in a zigzag way before reaching 8 flue. These | 
channels are covered with terra cotta slabs or plates of sheet- 
iron, the thickness of which diminishes in proportion to the 
distance from the fireplace. This arrangement can only be re- 
commended for the special case which has just been mentioned. 

125. Dryers Heated and Ventilated with Fixed Shelves.—In 
dryers heated and ventilated with fixed stages, the renewing 
of the air is produced by means of flues or ventilators, the 
pieces of ware remaining throughout the time of drying in 
isolated chambers. The arrangements most generally employed 
can also be divided into three groups :— 

(a) Dryers placed by the side of or above the kilns, in 
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order to use their waste heat.—This arrangement has sometimes 
been made use of in brickworks or tile works possessing a con- 
tinuous fire kiln, after the plan of Hoffmann. There are three 
different systems which will be described in Chapter IX.: 
Fig. 122 shows an arrangement, given only as an example. The 
kiln is covered by a large building in transverse section. It is 
divided in its length into six, seven or eight chambers, from 
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Fig. 123.—Dryer. 


13 ft. to 20 ft. wide. The air heated from above the oven tra- 
verses these chambers before passing under the roof of roofing- 
felt, and escapes by the central flues. In the special, case in 
which these dryers are applied, the heat furnished by the kiln 
is usually insufficient, and this arrangement does not show any 
advantages over that represented in Fig. 121. 

(6) Dryers formed by chambers entirely isolated, and heated 
by means of a lower system of pipes, the aeration taking place 
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by means of a flue at the upper part—This arrangement is 
frequently employed in faience manufactories. The heating of 
these, chambers can be constant, the placing of the damp ware 
on the shelves and the removal of the dry ware being done by 
workmen who enter the dryer. As this work is very difficult, 
it is often preferred to arrange several drying stoves, and to 
make them work in an intermittent manner, by stopping the 
heating and the ventilation when the ware is dry in one of 
them, and by commencing working again when it has been 


Fic. 124,—Revolving Dryer. 


emptied and filled afresh. Circular stagings are also made use 
of, which can turn round a vertical axis, being enclosed in a 
framework likewise circular, provided with one or several sliding 
doors (Fig. 128) enabling the damp pieces of ware to be placed 
and the dry pieces removed. The heating is done by means of 
steam piping arranged in spiral fashion, and the ventilation takes 
place by the entry of air at the lower part and a flue at the 
upper part. The action is continuous. For larger outputs several 
of these frameworks can be grouped together, turning round 
the same vertical axis. Fig. 124 shows in horizontal section an 
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arrangement of this kind. The heating and the ventilation are 
worked in the same way as in the preceding arrangement. 

It must be noted that if, in these last drying stoves, the 
shelves can be worked by a rotatory movement, the aim of this 
is only to facilitate the manual work, and that it has no in- 
fluence on the drying, properly speaking, as is the case with the 
drying stoves in the following article (126). 

(c) Drying stoves having the form of tunnels, the wares 


> 
; 2 
Fic. 125.—Dryer (Plan). 


being placed on fixed shelves, or the latter being mounted 
on waggons; but in this latter case they are not displaced 
during the drying, this arrangement only having the purpose of 
reducing manual labour. The heating is done by means of hot 
currents of air taken in by the flues or ventilators. 

Drying stoves of this kind are very diverse in arrangement. 
The most simple is that shown in Fig. 125, In a series of 
parallel tunnels are placed shelves. The hot air proceeding from 
the heat given off by a heater is distributed to one of the 
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Fig. 126.—Funnel Dryer. 


extremities of each tunnel by a subterranean longitudinal channel, 
and it departs charged with humidity at the other end, drawn 
out by a ventilator. This kind of drying stove has a great 
drawback. It is indeed easy to take into account that if, at 
the beginning of the drying, the hot air evaporates the water 
from the ware placed at the entry of the tunnel, it cools at 
the other end, leaving the steam to become condensed on the 
pieces of ware, which can cause softening and distortion. 
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In the arrangements shown in Fig. 126 this drawback is partially 
avoided. The drying stoves are, as in the preceding case, placed by 
the side of each other, but the introduction of hot air takes place 
uniformly throughout the length of the floor. Waste heat can be 
utilised, but more generally stoves are arranged on the ground, 
which heat the air sent into the drying-room. Steam piping is also 
made use of, being placed on the ground or inside the drying-room 
itself. 


Fro. 127.—Dryer. 


The subdivision of the drying can be pushed further still, as 
indicated in Fig. 127. In this arrangement, proposed by M. Hotop, 
the shelves are fixed and placed in a long gallery. The hot air 
brought by an upper pipe is distributed through the apertures 
regulated between the ranges of shelves. It departs by a series 
of similar openings pierced in the floor and communicating with 
a pipe of evacuation. The movement of the air can also take place 
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in a contrary direction. All these drying stoves have to be regulated 
with care, if it is desired to avoid too speedy a drying at the 
beginning, and at the end a useless expenditure of heat by heating 
the ware already dry. 

126. Dryers Heated and Ventilated with Movable Shelves.— 
These drying stoves have a continuous action. The pieces of ware 
are placed on shelves mounted on waggons, which are methodically 
displaced in a tunnel, the damp pieces of ware being introduced at 
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one end and the dry pieces of ware removed at the other. The 
arrangements employed for this purpose are of three kinds. 

(a) Drying stoves in which the air moves in a contrary 
direction to the ware.—As shown in Fig. 128, the hot air is intro- 
duced at one end of a tunnel and is removed at the other by means 
of a ventilator. When the last waggon on the side of the entry of 
the air is dry, it is drawn back and replaced by another, laden with 
damp pieces of ware, at the opposite end. The movement of the 
waggons takes place by means of winders or cranes. This can be 
facilitated by giving an inclination to the tunnel, so as to make it 
descend on an inclined plane. 

After what has been said in article 122 we see that it is desirable 
to heat the air as much as possible. If the latter penetrates into 
the drying stove at 140° F. it goes out from it saturated with 
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Fia. 129.—Dryers. 


water vapour at 58° F., with an expenditure of 1,030 calorics per 
kilogramme of water evaporated. When the air is at 212° F. the 
temperature of the going out is 88° F. and the expenditure is 930 
calorics. It is necessary to add to these figures the heat removed 
by the body, as, given a body with 20 per cent. of water of 
formation, 60 calorics in the first case and 100 in the second, the 
exterior temperature being supposed equal to 32° F. Finally it is 
desirable to increase the expenditure from 25 per cent. to 50 per 
cent. in order to take into account the various Josses of heat, so 
that in the most favourable case the heat necessary to evaporate 
1 kilogramme of water will be :— 


(930 + 100) x 1-25,Jor about 1,300 calorics. 


(b) Drying stoves in which the air is displaced in the same 
direction as the ware by heating progressively—Fig. 129 shows 
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the principle of the arrangement. The exterior air enters at one 
end of the tunnel. It is heated by steam piping and by heaters 
in such a way that its temperature increases in proportion as it 
advances in the tunnel and as it becomes charged with water 
vapour, going out at the other end with the maximum of heat. The 
working of the waggons is done as in the preceding arrangement. 
The formulæ given previously (article 120) do not apply in this case, 
and it seems impossible to establish the theory of this drying stove 
without the intervention of the working of a higher degree, which 
connects the tension of water vapour with the temperature. It is 
therefore better to be content with the working out of an example 
Let it be granted that this drying stove is divided vertically into 
ten parts, the air only going out from one of these parts to enter 
into the next completely saturated with water vapour. As the 
evaporation must be regular in all the length of the drying stove, 
each part must evaporate one-tenth of the water, or 100 grammes 
for an evaporation of 1 kilogramme. 

Let us suppose 1 cubic metre of air entering at 0° C. saturated, 
that is to say, containing 4°8 gr. of vapour. By heating it to 20° C. 
it expands and gives 

| 1 + (0-00866 x 20) = 1-078™8, 
which contains 

1°0783 x 17:1 = 18°83 grammes 


of vapour. The evaporation produced by this cubic metre in the 
first part has therefore been 


18°4 — 4°8 = 18°6 grammes. 


Each of the given parts being obliged to evaporate the same 
quantity of water, the total evaporation produced by this cubic 
metre at 0° C. will be 136 grammes. The departing air must have, 
being saturated, a temperature of 58° C., or 60° C. to simplify the 
calculation. At this temperature, in fact, 1 cubic metre of air at 0° 
can contain 

[1 + (000866 x 60)] 129°1 = 157 grammes. 


It will take, therefore, in order to evaporate 1 kilogramme. 
of water, 


1,000 


1 = À? ms, 
136 7°35 
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The heat expended will be :— 





For the vapour . . . . 606°5 — 0°695 = 605-80 
» air . . 1:8 x 0-237 x 60 x 7°35 = 185°72 

» body . . . . 5 x 02 x 60 = 60 
801:52 


a total which, increased as previously by 25 per cent., gives an 
expenditure of about 1,000 calorics. 

In certain cases this expenditure can be reduced by employing 
the air departing to heat that which has just entered. If, as has 
just been seen, the air goes out at 60° C., its temperature can, by 
means of calorifers, be reduced to 30° C. The heat which can 
thus be recuperated can be calculated as follows :— 

Heat given by air: 

1°3 x 0°287 x 80 x 7°85 = 66°86 calorics 
by the vapour :— 


(606-5 — (0-695 x 60)] 129-1 
— [606-5 — (0°695 x 30)] 80-1 = 55°68 
55°68 x 7-35 = 409-24 





or, altogether, 477°10 calorics 

In the example chosen the recuperation would then allow, 
in order to evaporate 1 kilogramme of water, of reducing the 
expenditure to 823 calorics. 

If we compare the two kinds of drying stoves with movable 
shelves which have just been described, we see that the first 
are of a lower thermic capability, and also that they must be 
used only for utilising waste heat. The second, of much greater 
use, do not lend themselves well to this utilisation, but it is 
preferable to use them each time that the heat must be provided 
by a special heating. 

In these drying stoves the chief difficulty consists in obtaining 
throughout the section a uniform atmosphere. If mechanical 
means are not employed to force the circulation of the air, the 
upper part of the drying stove is necessarily filled with a warm 
and damp atmosphere. The system proposed by M. Moeller, 
shown in Fig. 130, completely obviates this difficulty. 

In a tunnel, A, circulate several ranges of waggons laden 
with ware to be dried, which are introduced by the door, B, and 
go out from C. The outside air penetrates by the door, B, which 
is partially opened, and is drawn in by a first ventilator, D,, D,, 
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which compresses it by a subterranean pipe from the other side 
of the tunnel, where it meets the pipes of a heater, E,, E; ; after 


Fra. 130.—Dryer. 


1 


being heated in contact with them, it re-enters the tunnel, which 
it traverses obliquely, being drawn in by a second ventilator, D,, 
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which compresses it likewise, in order to force it to pass on 
a second calorifer, £,, and so on. The air then follows a helicoid 
path, becoming more and more heated as it advunces, before 
going out, near the door C, by a side opening, F. There, taken 
in by a ventilator, G, it traverses the heaters, En . ... E,, E,, 
E,, where it gradually loses its heat, by transmitting it to the air 
circulating in the tunnel. The water vapour which it contains 
is condensed while restoring the latent heat of evaporisation, 
and goes out from the drying stove in the liquid state. Finally, 
the air escapes at G, and at a slightly raised temperature. 

The two or three last heaters, H, are heated by a special stove, 
I, the gas of which escapes by a chimney, J. 

All these drying stoves, having the form of tunnels, are only 
used in brickworks and tile works. Some additional details on 
this subject will be found in Chapter IX. 

127. Drying by Absorption.—It has been seen in the preceding 
chapter of what use plaster moulds are in making pottery ware, 
and how they assist in the drying of bodies. The absorbing 
properties of the plaster act exactly in the same way as 
evaporation in a dry atmosphere. The body gives off by 
capillarity a part of its moisture to the plaster, and this action 
is the more powerful the drier the plaster is and the thicker 
the mould. : 

The making of the moulds needs special care, because it is 
essential that the plaster should always have the same con- 
sistency, so that its absorbing power may be always the same. 
If, of two moulds made on the same model, one has been made 
with thick plaster and the other with thin plaster, the latter 
will be more absorbing, it will thicken the body more quickly, 
even during the making, and will give denser wares having less 
shrinkage. This defect will be more serious if, for a mould of 
large dimensions, it has to be mixed several times with plaster, | 
without the precaution being taken of each time adding the 
same proportion of water. Certain parts of the object could 
then dry more quickly than others, which would cause warping. 
It is, therefore, better in the making of moulds to apportion the 
plaster and water to the volume in the proportions which practice 
has proved to be the best. 
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On the other hand, as the thicker a plaster mould is the more 
water it can absorb, it is well to proportion this thickness to that 
of the wares. If the latter have narrow parts beside thicker parts, 
it is necessary to take this into consideration, failing which some 
would dry before others, causing warping and even cracks. This 
drawback could also be provided against by moistening before 
making certain parts of the mould, to make them less absorbing. 

Finally, it is desirable, in the form to be given to the moulds, 
to take into consideration the shrinkage of the body, which must 
always be allowed to take place freely. When the shape of the 
object would be opposed to allowing this condition to be fulfilled, 
the mould must be made in several pieces, so as to be able to 
remove, after the making, those which would impede the shrink- 
age. 

If a mould were too absorbent in consequence of the great 
porosity of the plaster or its too great thickness, it would pro- 
duce the same difficulties as a too rapid evaporation. The 
remedy would consist in either diminishing the thickness or in 
mixing the plaster more strongly, or finally in moistening it suffi- 
ciently. The only difference between drying by evaporation and 
that by absorption consists in this: the latter cannot be given a 
complete drying. It, perforce, stops at the moment when the 
humidity of the plaster becomes equal to that of the body. It 
follows that drying by absorption must always be completed by 
drying by evaporation. Two processes are employed for this pur- 
pose, according to the size of the ware, the nature of the body, and 
the arrangement of the manufactory. In the first, which is especi- 
ally applicable for large pieces in plastic bodies for small outputs, the 
article made is left to dry for some time in the mould in the inside 
of the workshop where it is made; then, when it has obtained 
sufficient consistency to enable it to be taken from the mould, it 
is placed on the shelves, and its drying by evaporation takes place 
by means of one of the methods indicated previously. In the 
second process, which is employed chiefly for the manufacture of 
a large number of small pieces, the mould containing the article 
made is at once placed in an artificial dryer, where the drying 
takes place simultaneously by absorption and by evaporation; but 
the latter is also accomplished by taking out the object from the 
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mould, and by placing it in a drying room so that it may lose its 
last traces of moisture. 

The moulds themselves, after having been used, should be dried 
so as to remove the water which they have absorbed. This drying 
is much easier than that of bodies It is done either by aeration or 
in the same drying rooms whieh are used for the bodies. But it 
often becomes useless when the second process is employed, which 
has just been indicated. According to the shape of the moulds and 
the degree of consistency of the body during the making, the drying 
of the moulds must be done after each moulding, or, which is most 
frequently the case, it is only proceeded with after two or several 
operations. 


CHAPTER VI. 


GLAZES. 


SumMMaRy.—§ 1. Composition and Properties: Constitution of Glazes—Chemical 
Composition — Action of the Glaze on the Body — Classification and 
Terminology. 


§ 2. Raw Materials: Silica and Silicates—Boracic Acid and Borax—Alkaline Salts— 
Compound Alkaline Earths—Oxides and Salts of Lead—Oxide of Tin and 
Tin Ash—Various Materials. 


§3. Manufacture and Application: Preparation of the Raw Materials and Mixing 
— Fritting and Vitrification — Mixing and Grinding with Water—Applica- 
tion of the Glazes. 


& 1. COMPOSITION AND PROPERTIES. 


128. Constitution of Glazes.—Glazes! are vitreous coatings 
with which we can cover the bodies, either to decorate them or to 
make them impermeable. The vitrification ought to act upon the 
body itself under the influence of heat. Their chemical composition 
is nearly as variable as that of the bodies, but, nevertheless, we may 
consider them as glass in the widest meaning of that word. 

“The name of glass is given to a substance which is fusible at a 
high temperature, brittle, hard, transparent or opaque, insoluble in 
water, capable of resisting the action of acids even when concen- 
trated, formed by the combination, in varying proportions, of a silicate 
of soda or of potash with one or several of the following siliéates : 
silicates of lime, magnesia, baryta, alumina, iron, zinc or lead.” This. 
definition, given by MM. Appert and Henrivaux in their work on 
Glass and Glassworks, does not altogether apply to glazes. These 
Jatter, in fact, are not solely composed of silicates; they sometimes 
contain quite as much borates, seldom phosphate of lime, and among 
the bases we must add oxide of tin, while sometimes the alkalies are 
quite absent. Lastly, their fusibility is much more variable than 


1 French glacures, from glacer (to freeze), glace, Latin glacies (ice). 
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that of glass properly so called. Sometimes they vitrify at a tem- 
perature lower than that for fusing crystal ; sometimes, however, 
they need the temperature high enough for burning porcelain. 

As in the case of glass, it is not certain as to the molecular 
constitution of glazes. Some people think that the different bases 
of which they are composed are dissolved from silicates or borates 
to an alkaline silicate, others think that they are mixtures of 
different silicates or borates in definite compositions. It is difficult, 
in the present state of our knowledge, to decide this question, but 
it is necessary to make two important observations on the subject. 

Glazes, like glasses, are amorphous bodies, that is to say their 
molecules have not taken a certain grouping together, as is the case 
in crystallized bodies. They thus present a remarkable exception 
to the laws of the molecular composition of bodies, which ought, for 
the greater number of them, to be attributed to the presence of 
alkaline silicates, the crystallisation of which, being very difficult 
to obtain, is only produced when the relative proportions of the 
silica and the alkali correspond to the relations which are determined 
by their atomic weight. It is only exceptionally that one can 
notice in glazes the phenomenon of crystallisation, which generally 
has the effect of making them opaque. It occurs then from the 
formation, in the interior of the mass, of crystals which have 
a definite chemical composition. It is thus that sometimes the 
presence of “ wollastonite” a silicate of soda and lime, can be 
detected, or of “ oligoclase,” a silicate of soda, alumina and lime. This 
defect is obviated by increasing the proportion of the alkalies, by 
introducing several bases into the glaze, and by not giving this latter 
a definite atomic composition, the presence of several bases having 
precisely the effect of making a regular grouping of the molecules 
more difficult. This observation shows, on the one hand, the im- 
portant place of alkaline silicates, and, on the other, the mistake 
into which those potters have fallen who have wished to give 
glazes a definite chemical formula. | 

In the second place, if certain substances are introduced into 
glazes they do not combine, but remain suspended in it and thus 
render the mass opaque. The oxides of tin and zine, alumina and 
phosphate of lime are of this kind; these bodies are even used 
to destroy transparency. But one may also remark that in the 
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degree that the temperature for fusing the glaze is increased, these 
bodies have in the same measure a tendency to combine, at least 
partially, and to be distributed or dissolved into the amorphous 
mass. 

Quartz acts differently ; if some of it is added to a silicious glaze, 
that is to say, one in which all the bases are saturated with silica, 
it dissolves in it without altering the transparency. But, under 
certain circumstances, it may separate afresh by crystallising in the 
middle of the mass in the form of tridymite. The change which 
takes place in its constitution, which is characterised by the altera- 
tion of its density from 2°6 or 2:7 to 2:2 and 2°3, shows that it has 
not been simply dissolved, but that this has been accompanied by 
an action on the bases, in spite of their state of saturation. 

From the foregoing observations we may conclude that glazes 
are amorphous substances, formed of alkaline silicates and borates, 
earthy or metallic alkalies, which are found sometimes in solution, 
sometimes mixed, but their molecules are not in regular groupings. 
They are liable to dissolve certain substances, noteably quartz, and 
of keeping others only suspended. In fact, their molecules have 
a tendency, under certain circumstances, to group themselves to- 
gether, at least partially, so as to form definite compositions which 
erystallise in the middle of their mass, making it opaque. 

129. Chemical Composition. — Silica is the preponderating 
element in glazes; we have seen that it may be found either 
combined in the bases or in solution, but it always has a density of 
2°2 or 2:3. Its amount may vary from 25 to 75 per cent.; the 
higher it is the more the temperature for fusing the glaze is 
increased. | 

Boracic acid plays the same part as silica, but the borates are 
much more fusible than the corresponding silicates. It makes the 
glaze harder and more brilliant, but it acts upon the colour of 
certain metallic oxides, as may be seen in the chapter relating to 
decoration. On account of its high price, it is only used for certain 
fine glazes, its proportion scarcely exceeding 10 per cent. 

Phosphoric acid is less used. It is only found in glazes in the 
form of phosphate of lime, suspended in the mass. 

Alkalies.—Soda and potash with silica and boracic acid form 
very fusible compounds, but they are soluble in water; also they 
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cannot be used alone, and other bases must be added to them to form 
numerous insoluble combinations. They have the advantage that 
they make the glazes more pure and transparent, but they give the 
metallic oxides special colours. Their proportion may be as high 
as 25 per cent. Potash makes more fusible compounds than soda 
does. 

Lime is often used to make the double silicates and borates 
of alkalies and lime unchanging and beautifully transparent. 
It has, however, a tendency to cause the formation of crystals. 
Alone, it may make, with boracic acid, a fairly fusible glass; 
but with silica, at a high temperature, it only forms a whitish 
mass, which is more or less translucid. Its proportion may be 
as high as 20 per cent. 

The other alkaline earthy bases possess the same properties 
as lime, but with different degrees of fusibility. Magnesia is 
more refractory ; strontva more fusible; and baryta more 
solvent than strontia. The equivalents of these bases being as 
follows :— 


Baryta . . . . . . . 158-20 
Strontia . . . . . . 108°50 
Lime . . . . . . . 56-00 
Magnesia . . . . . . 40°00 


one sees that they vary in the same order as their fusibility. 

Alumina is found in glazes principally in the form of silicate 
of alumina. In a small proportion, it forms with alkaline silicates 
glasses which are transparent, hard and very slightly inclined 
to crystallise. In larger proportions it remains in suspension, 
making the glazes more or less opaque or rather translucid. 
It does not combine so well with alkaline borates or silicate of 
lead. In every case, its introduction into a glaze has the effect 
of noticeably diminishing the fusibility. 

Oxide of lead, on the other hand, is a great deal used to 
increase the fusibility. It forms with silica and boracic acid 
glasses which are insoluble in water and cannot be attacked by 
acids, provided they contain, at least, one equivalent of boracic acid 
or Silica to one equivalent of oxide of lead. It has a slight 
tendency to crystallisation, but it acts on the colouring of certain 
metallic oxides. 
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Oxide of bismuth acts the same as oxide of lead, making 
still more fusible compounds. 

Oxide of tin does not form a glass in glazes; it remains 
suspended in them, making them opaque. This opaqueness, 
however, is inclined to diminish with the temperature. It is 
this property which causes it to be very often used in the 
manufacture of opaque glazes. 

Oxide of antimony fulfils the same part as oxide of tin 
does, though it is more fusible; but, although colourless in 
itself, it can impart yellow colouring to glazes. | 

Oxide of zinc also remains in suspension in silicious glazes, 
but in boracic acid it dissolves. In spite of its whiteness, it 
often modifies the colours of the other metallic oxides It is 
very slightly fusible. 

The colouring oxides, which are introduced into glazes to give 
them decorative properties, will be studied in Chapter VIII. 

130. Action of the Glaze on the Body.—We have seen that 
glazes can dissolve quartz and keep other substances suspended 
in their mass. Thus, it is natural that, under certain circum- 
stances, they should act as flux or solvent on the body at the 
- moment of their fusion. But, in order that this action may take 
place, it is necessary for the temperature of fusion to be kept 
up sufficiently long. 

Under these conditions, and when the glaze is sufficiently 
basic, especially if the proportion of the alkalies in it is raised, 
it can dissolve a certain proportion of the free silica. 

It can act at the same time against the oxide of iron which 
certain bodies contain, which, by spreading into the mass, may 
cause yellowish spots in them. 

When this action of the glaze on the body takes place, it 
causes the modification of the chemical composition of the glaze, 
which thus becomes more silicious. Yet, we must not exaggerate 
its importance, as some potters do, so as to make the definite 
formula which they give to glazes correspond with their true 
composition. On the other hand, it would be equally erroneous to 
neglect it when one is studying the agreement which ought to 
be found between the respective expansions of the body and 
the glaze. There is always, or, at least, there ought always 
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to be between the two an intermediate zone, in which they are 
mixed up, and which serves as a transition point. 

131. Classification and Terminology.—Glazes differ from one 
another chiefly in their chemical composition, which affords the 
means of deciding their most important physical properties, ¢.g., 
hardness, transparency, solubility, ete All classifying then ought 
to be based on this composition, which, while taking no account of 
certain substances in small proportions, is a very simple method 
of being able to characterise them by two or three (very seldom 
four) principal bodies. It is advisable here to observe that, as all 
glazes contain silica, there is no need to mention it except when 
it is found in a preponderating proportion. Thus an alkaline 
plumbiferous glaze is a silicate of alkali and of oxide of lead. 

Certain potters have proposed to classify the glazes, accord- 
ing to the relative proportions of the acids and bases which 
they contain, into acid, neutral or alkaline glazes. This dis- 
tinction, which does not take into account the different properties 
of the two acids and of the various bases, only rests on theoretic 
considerations which are rather disputable; besides, it has not 
been taken up. 

It is preferable in common practice to keep to the following 
terms, which have been sanctioned by use :-— 

One designates under the name of soft glazes (Fr. vernis)! 
the transparent glazes fusible at a low temperature, only slightly 
thick, generally very plumbiferous, which are used to cover over 
certain earthenwares (fuïence). 

Enamels? (Fr. émail) 5 are glazes which melt at a temperature 
higher than soft glazes, and generally of greater thickness. One 
distinguishes opaque enamels, stanniferous and usually plumbi- 
ferous, from transparent glazes, which are plumbiferous or alkaline. 
They are specially used in the manufacture of fine earthenware, 
and more usually in the decoration of all pottery. 

Finally, one calls hard glazes (Fr. couvertes) those glazes which 
are transparent, hard, of medium thickness, melting at a high 


1 From the Latin vitrum, glass. 

? In English ceramics it is usual to confine the term ‘“‘ enamel” in connection 
with glazes to those which are opaque.—W. P. R. 

3 From the ancient German smelzan, smaltjan, to melt; low Latin, smalium. 
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temperature, nearly always containing alumina or an alkaline 
earthy base, which are used to cover over vitreous pottery, or 
certain kinds of faience made from fine body. 

These names of soft glaze, enamel, hard glaze, not having 
a rigid significance, ought not to be considered as the terms for 
classifying, but as synonyms of the word glaze, and it is wise, when 
it is desired to show their precise nature, to accompany them with 
the name of the principal substances which enter into their 
composition. Thus we should say: a boracic alkaline glaze, an 
alkaline plumbiferous enamel, a calcareous hard glaze, etc. 

In glassworks one includes under the name of enamel “all 
vitreous materials, transparent or opaque, coloured or colourless, 
which are used for covering over the body”! We see that in 
pottery this general definition is applied to the word glaze, and 
that the name of enamel has assumed a narrower meaning. 

Finally, in considering the glazes from the point of view of 
their action on the colouring oxides, one divides them into plumbr- 
ferous, boracic and alkaline glazes, according as one or the other 
of these substances is in a larger proportion, and may influence the 
colouring. 


§ 2. Raw MATERIALS. 


132, Silica and Silicates.—Silica is usually introduced into 
glazes in the form of quartzose sand, as pure as possible. Usually 
a sifting and sometimes a washing are the only preparations that 
are necessary. But it is essential to know the proportion of 
alkalies that the purest sands always contain, in a very small 
proportion it is true, but which, considering the large amount of 
sand in most glazes, may exert a certain influence on them. When 
one has no suitable sand at hand one may use quartz or flint, but in 
this case it is necessary to calcine and powder them first. For the 
other directions relating to silica turn to Chapter IT. (Art. 38). 

Among the silicates the feldspars are those most used in the 
manufacture of glazes. We have seen (Art. 44) that these are 
silicates of alumina and alkalies, usually containing a small pro- 
portion of lime, oxide of iron and magnesia. The purest sorts, 


1 Glass and Glassworks, by MM. Appert and Henrivaux, in the Encyclopédie 
Industrielle. 
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particularly those which are free from oxide of iron, are the only 
ones to be used. Among the feldspathic rocks pegmatite from 
Saint-Yrieix and Cornish-stone from Cornwall are equally very 
much used. All these stones ought to be finely powdered before 
being mixed with the other ingredients of the glazes. 

In certain glazes one adds also kaolin earth, plastic clay and 
grog or calcined clay. These materials, which have been already 
described, lessen the fusibility to a large extent, and usually impart 
to the glaze an opaline translucidity. 

The glasses, such as are generally made in glassworks, are 
sometimes used for common glazes. They have the advantage of 
being much more easily worked than feldspars, and of making it 
unnecessary to frit the alkalies, as we shall see in the account of 
the manufacture of glazes. Their only defect is that they have 
rather various compositions, so that one must make analysis if one 
wishes to get an exact mixture. The following are the usual limits 
to the variations in their composition :— ; 


Window Glass. 
Silica . . . . . . . . 78°83 to 69°6 
Alumina, oxides of iron and manganese. 18 , O7 
Lime . . . , . . . .. 182 ,, 11:66 
Alkalies . . . . . . 16-5 ,, 12:8 
White Bottle Glass. 
Silica . . . . we . . 72-8 to 57°38 
Alumina, oxides of iron and manganese. 53 ,, 2:2 
Lime, magnesia, baryta . . . . 307 ,, 86 
Alkalies . . . . 169 ,, 56 
Crystal. 
Silica. 2 . . . eee «BD to 510 
Alumina, oxides of iron and manganese. 20, O 
Lime . . . . . . . . 40,, 0 
Alkalies . . . . . . . 13°7 ,, 60 
Oxide of Lead . . . . . . 38°1 ,, 28°2 


133. Boracic Acid and Borax.—Boracic acid is found in the form 
of crystals containing a large proportion of water ; it corresponds to 
the formula BO*, 3HO. It easily melts in its water of crystallisation ; 
but it must be fairly well heated to make it anhydrous. 

It is sold either in the form of refined boracic acid, in fine white 
flakes containing 96 to 97 per cent. of boracic acid, or under the 
name of Tuscany boracic acid, the crystals of which are larger, 
yellowish, and only contain from 85 to 90 per cent. The impurities 





280 TREATISE ON CERAMIC INDUSTRIES. 


of the latter consist of hydric sulphate of ammonia, silica hydrate, 
organic matter and traces of lime. It is good to test them, because 
boracic acid is rather often adulterated. This test is very easily 
made by dissolving in boiling water, filtering and weighing the 
residuum. Pure hydrated boracic acid contains 56 per cent. of 
boracic acid and 44 per cent. of water. 

Boracic acid is generally used in the form of borax, that is 
to say, of hydrated borate of soda, represented by the formula 
NaO, 2BO?, 10HO. When exposed to the air, the glassy crystals 
of borax become cloudy and whitened on account of the evapor- 
ation of a part of the water of crystallisation. Heated to a 
low temperature, this water completely evaporates, and the borax 
falls in the form of a white powder. At a slightly higher 
temperature it melts and becomes a vitreous mass It is found, 
in the form of borate of soda and of lime more or less impure, 
in the north of Chili, and it is treated with carbonate of soda 
to get rid of the lime. 

Borax is generally used in the form of refined borax, being 
purified by several successive crystallisations. It is then notice- 
ably pure and contains 37 to 38 per cent. of boracic acid to 16 to 17 
per cent. of soda; the remainder is water. 

One uses also natural borax called tineal and American boraz, 
which sometimes contain rather a large proportion of impurities, 
and the composition of which is variable. 

The same as for boracic acid, it is also wise to test borax, 
because, besides the natural impurities which it contains, it is 
often mingled with foreign substances. This experiment is made 
by dissolving a definite weight of borax in water, colouring the 
solution with blue litmus, and pouring into it a standard liquor 
of sulphuric acid, it may be, for example, 100 grammes of acid at 
66° per litre. One takes note of the number of cubic inches 
of standard liquor that it is necessary to add to the solution so 
that its colour is changed to the yellow of onion peel. If, on 
the other hand, one has made the same experiment with an equal 
weight of pure borax, the relation of the two numbers of cubic 
inches thus obtained shows the proportion of pure borax in the 
sample experimented upon. 

134. Alkaline Salts.—Carbonate of soda (NaO, CO?) con- 
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tains when calcined, 58°5 per cent. of soda and 41°5 per cent. 
of carbonic acid. One can buy soda that is sufficiently pure of 
the manufacturers. It must not be kept in damp places, because 
it is hygrometric. It is also sold in the form of large crystals, 
with the formula NaO, CO, 10HO, that is with a composition 
of 217 per cent. of soda, 154 per cent. of carbonic acid, 
and 629 per cent. of water. This kind was formerly preferred 
to the first one, because of its purity: actually this preference 
is now hardly justified ; but, anyhow, one must avoid using the 
carbonate of soda which comes from ashes, as this is always 
very impure. 

Carbonate of potash (KO, CO?) contains, when pure, 68 per 
cent. of potash and 32 per cent. of carbonic acid, but this con- 
dition is seldom found, and it is wise to test it. It is very 


hygrometric and ought always to be dried before being used. 


That which comes directly from the ashes of the vines is very 
impure and cannot be recommended. 

Sodium chloride, or sea salt (NaCl), is sometimes used in 
glazes, but its most frequent use is for enamelling stoneware 
by volatilisation One can use, for this purpose, artificial salt, 
that is to say, that which has not been subjected to duty. 

Sulphate of soda (NaO, SO, 10HO), which is very much used 
in glass making, is much less used in pottery. It is necessary 
to calcine it before using it, because of its large proportion of 
water of crystallisation. 

Nitrate of potash (KO, NOS), saltpetre, nitre, was formerly 
the salt of potassium par excellence. Now, one only uses it 
in pottery, as one can manufacture the carbonate sufficiently 
pure; but, as it decomposes to a dull red, while disengaging 
oxygen, it is used to purify glazes which contain organic 
matter. It is sold commercially in the form of small crystals, 
generally fairly pure. 

It is easy to test the quantity of soda or potash contained 
in the carbonates, by following the method already described 
for borax. A certain weight of salt being dissolved in water, 
the solution is coloured with blue litmus, and to it drop by drop 
is added a standard liquid of sulphuric acid, until the liquid 
becomes an onion-peel colour. If the standard liquid contains, 
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for example, 1 gramme of sulphuric acid at 66° to 10 cubic 
centimetres, and if n is the number of cubic centimetres added 
by means of a graduated burette, the proportion of carbonate 
of soda will be ”” _ , these two numbers representing the relatior 
of the equivalents of carbonate of soda and sulphuric acid. For 


n x 69 
49 ~ 


tested contains a mixture of carbonate of soda and potash, this 
method is no longer applicable, and one must have recourse to 
analysis by bichloride of platinum (Art. 50). 

Alum (Al203, 3S03; KO, SOS, 24HO) has sometimes been used 
to introduce potash and alumina into glazes. It is, in fact, a 
double sulphate of alumina and potash, sold either in the form 
of crystals containing a large proportion of the water of 
crystallisation, or in the form of burnt alum. It rather often 
contains oxide of iron, but one can purify it by successive 
crystallisings. When pure, it contains about 20 per cent. of 
alumina and 18 per cent. of potash. 

135. Compound Alkaline Earths. — Lime is introduced into 
glazes in the form of the carbonate and sulphate; it is seldom 
that one uses caustic lime. 

Carbonate of lime (CaO, CO?) decomposes slowly at a sufficiently 
high temperature, giving 56 per cent. of lime (Art. 45). 

It is usually found sufficiently pure in the form of white marble 
or of Meudon or Spanish white, so that it need not be tested. How- 
ever, 1f one wishes to test it, it is sufficient to dissolve in nitric 
acid a certain quantity of the carbonate, to saturate the solution 
with ammonia, filter it, and precipitate the lime by the oxalate of 
ammonia into oxalate of lime. 


carbonate of potash the formula will be 





If the sample 


Sulphate of lime or gypsum is sold in the form of crystals or of 
plaster in powder. In the latter case it is somewhat impure and 
contains carbonate of lime, the presence of which is easily detected 
by the giving off of carbonic acid, which it does when attacked 
by an acid. Crystallised gypsum is a hydrated sulphate of lime 
(CaO, SOS, 2HO), which contains in a pure state 31°86 per cent. of 
lime and 46°51 per cent. of sulphuric acid, which is only given off 
at a high temperature. 
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Magnesia may be added to glazes in the form of dolomite, a 
mixture of the carbonates of lime and magnesia, or of tale and 
magnesite, which are hydrated silicates of magnesia. These sub- 
stances have been described in Chapter II. 

Baryta is only used in the form of sulphate of baryta or heavy 
spar (BaO, SO*), containing, in a pure state, 65 to 66 per cent. of 
baryta; it is a mineral, somewhat scattered in nature. One might 
also use the carbonate (witherite). 

Strontia is scarcely ever employed. One finds it in Sicily in the 
form of crystals of sulphate of strontia, generally mixed with | 
sulphur crystals, or in Scotland in the form of carbonate 
(Strontiniate). 

136, Oxides and Salts of Lead.—The oxide of lead is used 
in the form of litharge, red lead, white lead and galena. 

Intharge (PbO), or lead monoxide, is sold in the form of brilliant. 
lamellar crystals, or of reddish-yellow powder. It is obtained by 
heating metallic lead in air, then by melting and allowing the oxide 
thus produced to crystallise. If the cooling is rapid, then one 
obtains reddish- yellow crystals, sold under the name of yellow 
litharge ; if, on the contrary, it is slow, the crystals, of a bright 
red, are called red litharge. 

By oxidising lead, without afterwards melting and crystallising 
it, one obtains an amorphous production known by the name of 
massicot, which has the same composition as litharge. Massicot. 
may also be prepared by calcining nitrate of lead ; it is then almost. 
pure monoxide of lead. 

In trade one finds English, French and German litharge. The 
first is the best, as it contains only traces of iron and copper, and 
the last is the most impure. 

Nevertheless, because of the adulterations to which sometimes 
litharge is subject, it is always wise to verify its purity by experi. 
ments. If it is treated with acetic acid it ought not to produce 
any effervescence, as that indicates the presence of the carbonates 
of lead, baryta or lime. In order to detect the presence of other 
foreign substances, litharge is attacked with dilute nitric acid: it 
ought to dissolve entirely in it. If there is any residuum, it is 
usually antimonic acid, sulphate of baryta, or even ochres, sand or 
powdered terra cotta. It is next filtered, then the filtered solution 
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is dried, mixed with sulphuric acid, evaporated afresh, and at last 
treated with water, which dissolves all the sulphates except those of 
lead and baryta. The solution may be evaporated to weigh the 
residuum, if there is any. In any case a blue or green colour shows 
the presence of copper or iron. 

Red lead (Pb*O* or 2PbO, PbO?) is a plumbate of lead monoxide, 
obtained by heating massicot to about 300°. It is found in the 
form of a beautiful red powder, which darkens in the light. Heated 
to a red heat it is changed to lead monoxide with the freeing of 
oxygen: 100 parts by weight of pure red lead give 97:37 parts 
of the monoxide. But red lead contains always a noticeable pro- 
portion of massicot, even if it is heated several times. Thus, red 
lead fired once contains 50 per cent. of it, and that called “eight 
fires,” that is to say, heated eight times, still retains 25 per cent. 

To test red lead it is treated, as has been before described for 
litharge, by dilute nitric acid, which ought not either to produce 
any effervescence or to leave any residuum. This solution being 
evaporated, one can get it back again with neutral acetate of lead, 
which dissolves the -lead monoxide and leaves a residuum of dioxide 
(PbO?), which ought to have a clear brown colour. English red 
lead is sold in barrels of 6 to 7 hundredweight; the French kind 
is sold in barrels of 8 to 9 hundredweight, and is usually of a 
browner colour. The best qualities only ought to be used in glazes ; 
these are called red lead for glass work. 

White lead (PbO, CO?) is a carbonate of lead, which is also found 
in a. hydrated form, 2 (PbO, CO?) PbO, HO; it is then wise to dry it 
before mixing it with the other materials that enter into the com- 
position of glazes. It decomposes in heat, carbonic acid is given off, 
and there remains lead monoxide. 

Pure anhydrous carbonate gives 83°52 per cent. of the monoxide. 

White lead is manufactured by different methods, called Dutch, 
Austrian, English and French, which are all based on the com- 
bination of metallic lead with carbonic acid, either directly or 
by the medium of acetic acid. It is somewhat frequently adul- 
terated by the addition of sulphate of lead, sulphate of baryta, 
plaster and chalk. In order to detect these mixtures, one treats 
the sample of white lead with carbonate of ammonia, which decom- 
poses the sulphates of lead and lime, but not the sulphate of baryta. 
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Then, by filtering, one gets a. residuum containing the sulphate of 
baryta and the carbonates of lead and lime. By treating this with 
nitric acid one dissolves the carbonates ; the sulphate of baryta can 
be separated by filtration, and can be weighed. The filtered solution 
is afterwards evaporated till dry, treated with diluted hydrochloric 
acid, which precipitates the lead as a chloride. This is filtered, 
then the liquid is treated with an excess of ammonia to gather 
up the last traces of the oxide of lead that remain soluble, and, 
after having again filtered it, the lime is precipitated by means of 
the oxalate of ammonia. 

Lead ore, or galena (PbS), is a grey mineral with a metallic 
lustre, in the form of granulated layers, sometimes compact. 
Chemically, it is a sulphide of lead, containing in a pure state 
1339 per cent. of sulphur and 86-61 per cent. of lead Burnt 
slowly in air to a dark red, it is changed into sulphate of lead 
(PbO,SO*), which itself decomposes at a higher temperature 
and leaves the lead monoxide. 100 parts of pure sulphide gives 
93°30 of monoxide. The ores of galena are somewhat diffused 
in nature, but they are seldom pure, and almost always mixed 
with gangue (veinstone). Their variable composition, as well 
as the inconveniences which may result from the liberation of 
sulphurous fumes in the furnace, cause them to be used only 
for common ware, although they are cheap. 

137. Oxide of Tin and Tin Ash.—The oxide of tin used in 
pottery is the dioxide (SnO®), or stannic acid, which is sold in 
the form of a white powder and generally in a hydrated form 
(SnO7,HO). It only decomposes at a red heat, to give a 
slightly yellowish powder of anhydrous oxide of tin. 

It can be prepared fairly simply by adding nitric acid to 
the metal tin ; this decomposes, and a part of its oxygen combines 
with the tin, giving oxide of tin, or rather metastannic acid, 
an isomeric form of stannic acid. This distinction has no im- 
portance in its use for glazes; it is sufficient to wash properly 
the white powder thus obtained, and to powder it very well 
by breaking it up in water. Generally, however, it is better 
to buy the oxide of tin, testing that it is absolutely pure. In 
trade a distinction is made between oxide of tin manufactured 
in acid, as we have just described, and that prepared in the fire, 
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which is obtained by the oxidation in the air with the action 
of heat on the metallic tin. In place of a rather long complete 
analysis, the sample may be first washed and tested to see if 
the water is cloudy and does not dissolve any foreign substance, 
the oxide of tin being absolutely insoluble. Then it is heated, 
in a closed crucible of fireclay, to a strong, red heat; the powder 
_ ought to remain not united, having lost at most 25 per cent. 
of its weight, of a light yellowish colour, and the crucible ought 
not to show any traces of vitrification. 

Oxide of tin is also often used in the form of fin ash. This 
is a stannate of oxide of lead into which tin enters from 15 to 
50 per cent., and lead from 85 to 50 per cent. It is usually 
manufactured, because of its variable composition, in the pottery 
works. 

For this the two metals are mixed together, as pure as 
possible, in the proper proportions, and submitted in an open 
vessel to‘ the action of the flames of a fireplace. The metals 
melt and are covered over by a powdery layer of yellowish- 
white, which is tin ash. 

It is usual, during the whole time of the operation, to move 
the metallic mass about with an iron scraper, and to take off, 
from time to time, a part of the powder. For a manufacture 
that is rather important, use is made with advantage of a 
furnace with a hearth similar to that shown further on, which 
is used for the vitrification of the glazes, but by arranging a 
working opening which is large enough. For small quantities 
it is sufficient to put the metals into wide open fireclay crucibles. 
Metallic pots, which are sometimes used, have the defect of 
often mixing oxide of iron with the tin ash. However this 
may be, this is afterwards washed, to separate the metallic 
particles that may be left, which have not been attacked, and 
which, being heavier, are precipitated first. One finishes the 
manufacture by drying and powdering, which does not need 
to be done as carefully as that of the oxide of tin. 

138. Various Materials.—Sometimes fluorspar, or fluorine 
(CaF!?), which is a fluoride of calcium, and cryolite (3NaFl, 
AFP), or double fluoride of soda and alumina, are used as 
fluxes. These bodies decompose in red heat; the bases, lime, 
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soda and alumina, which form them, mix with the other 
elements of the glaze, while the fluorine combines with the 
metal of the silica to form a fluoride of silicon, which volatilises 
if the temperature is sufficiently high. If such is not the case, 
or if the glaze is not sufficiently -silicious, the fluorine remains 
separate and may form saline deposits, which spoil the surface. 
Fluorspar, which is very little used in pottery, is frequently 
found in thick veins in the metallic strata. Cryolite, which 
is more widely used, is found in Greenland in the form of 
erystals of a pearly white, sometimes slightly tinted yellow by 
oxide of iron. It contains 54°16 per cent of fluorine, 32°73 per 
cent. of sodium and 13:06 per cent. of aluminium, giving, after 
being oxidised, for every 100 parts of raw material, 40°73 per 
cent. of soda and 25°06 per cent. of aluminium. 

Oxide of zinc (ZnO) may be used to make silicious glazes 
opaque; it is about of the same fusibility as magnesia. 

It is prepared by oxidising metallic zinc, and is sold in the 
form of a white powder, which is yellowed by calcining, but 
regains, when cooled again, its previous colour. The best quality 
is usually fairly pure. 

Oxide of bismuth acts, in glazes, in the same way as oxide 
of lead, but it is more fusible. 

Lastly, phosphate of lime, sometimes used to cause opaque- 
ness, has been mentioned in Chapter II.; it is used for this 


purpose in glass work, mixed with a small proportion of 
fluorspar. 


§ 3. MANUFACTURE AND APPLICATION. 


139, Preparation of the Raw Materials and Mixing.—The manu- 
facture of glazes is done, in its most complex form, by the following 
Operations :— 

Preparation of the raw materials. 

Mixing. 

Fritting or vitrification. 

Mixing and grinding in water. 

In order that they may be used in the manufacture of glazes, the 
raw materials ought to be in the form of very fine powders, as pure 

as possible, and with a composition that does not change in the air, 
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thus allowing of an exact mixing. The operations through which 
they must go in order to fulfil these requirements depend on their 
nature ; they have just been noticed for each material in the fore- 
going articles, now it only remains to give some general notes on 
this subject. 

Pulverisation is done by the different methods shown (Chapter 
III.) when speaking on the preparation of the body. But it must 
be observed that, for glazes, it is always very important to avoid 
mixing with it particles of iron or of oxide of iron, and that it is, 
consequently, wise only to use pulverising machines, the metallic 
parts of which do not come in contact with the material to be 
ground. The methods to use, then, are vertical or horizontal 
grindstones, mills with blocks, and ball crushers, cased in stone- 
ware, or porcelain, and with balls of the same material or of flint. 
Pulverisation is done either dry or in water, and is followed out to 
a greater or less degree of fineness, according as to whether it has 
to be followed by a second grinding with water or not. As we 
shall see further on, for hard materials, as quartz, flint, feldspar, 
spar, cryolite, one can hardly get them very fine, except by grinding 
them with water. 

Dry grinding ought to be carried on with great precautions, so 
as to avoid the giving off of dust, which is very injurious to the 
health of the workmen. Hermetic coverings round the apparatus 
and systems of ventilation are indispensable, and are not sufficiently 
replaced by wearing masks. By the order of 13th May, 1893, 
this work is forbidden in France to young people under eighteen 
years of age. . The mineral dusts fix on the mucous of the throat, 
trachea (windpipe), and bronchus, are incrusted there and 
cannot be entirely driven away by the fits of coughing that 
they provoke. Their presence soon sets up acute, or chronic, in- 
flammation, at the same time as the wounds they make predispose 
one to the absorption of the bacilli of infectious diseases. Also, 
among the workmen employed in the badly arranged pulverising 
workrooms a mortality exists much above the average, prin- 
cipally due to tuberculosis. 

This injurious action of the dust is much aggravated when it con- 
tains plumbiferous compounds, and particularly white lead Then 
it may produce special affections, called by the name of lead-poison- 
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ing, which commences with colic, sickness, and an obstinate consti- 
pation, which ends, if not cared for, in developing cachexy, in 
consumption, and sometimes in death. The preservative arrange- 
ments already described are not, in this case, always sufficient to 
avoid all contamination. It is necessary to frequently change the 
male adult worker, who alone ought to be employed, and to give him 
every day one or two quarts of milk. At the first symptoms, it is 
wise to add to this diet, by giving from 0°6 gramme to 1 gramme 
a day of iodide of iron or of potassium for six to ten days, then 
leave it off for two or three weeks, and begin this treatment again 
afterwards if the symptoms of lead-poisoning have not disappeared. 
In order to avoid all these inconveniences, potters often prefer to 
buy the raw materials of the glazes in the form of fine powders, as 
one can always find them in the market. 

The methods of purifying the raw materials have been described 
for each of them ; there is then no need to go over them again. As 
to mingling, that can be done by weight or by volume, in pots 
hawing the capacity of a certain weight. One ought to proceed 
more exactly than for bodies, and care must be taken to reckon the 
water and volatile substances—carbonic acid, sulphur, sulphuric 
acid—which the raw materials may contain, especially the variable 
amount of hygrometic water or of water of crystallisation which 
may become the cause of mistakes. The materials which may con 
tain them ought to be dried or well kept in closed places, sheltered 
from damp. 

’ 140, Fritting and Vitrification.— When the materials have to be 
finally ground in water, which is most usual, those must first. 
be made insoluble which are liable to dissolve in the water, that. 
is to say, the alkaline salts, boracic acid and borax. To do this, they 
are changed by the influence of heat into the insoluble silicates. 
and borates, after having mixed them with silica, lime, oxide of 
lead, ete., according to the composition of the glaze. In making this. 
mixture one must try to obtain products as fusible as possible, so 
as to economise the expenses of firing. 

On the other hand, it is wise also to avoid having materials of 
very different densities, which, after being mixed with water, would 
make them be deposited unequally, and would destroy the homo- 
geneousness of the glaze. This observation applies especially to the 
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materials containing lead or baryta, which are much more dense 
than the others. As in the foregoing case, this defect can be 
repaired by combining them with other lighter substances—silica, 
lime, ete. 

Lastly, it is wise to use this same method when a material is 
introduced into the composition of a glaze in a very small propor- 
tion, which it is more difficult to mix very uniformly with the others. 

In all these cases, one commences with a preliminary operation, 
which is called fritting when the materials are simply united 
under the influence of heat, and which becomes vitrification 
when they are melted to the state of glass For small produc- 
tions this is done in crucibles of fireclay, heated in special 
furnaces. When a sufficient heat has been attained, their contents 


Fic. 131.—Furnace for melting Glazes. 


are poured into water to disunite the fritted or vitreous mass, 
and} to make it more easy to pulverise; then the crucible is 
fitted again to proceed to a second operation. The crucibles 
an hardly contain more than 22} Ib. of materials to be easily 
handled. They only bear a small number of heatings, and the 
furnace ought to be arranged in such a manner as to be able 
to gather up the glaze which may run out in the case of their 
breaking. When the materials have to be simply fritted, they 
unite and form a mass, that can be taken out of the crucible by 
means of a hook, to plunge it into the water. 

In| certain cases larger crucibles are used, from which the 
molten mass is taken by means of iron ladles or rods. 

Also crucibles can be used which are pierced at the bottom 
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with a hole through which the molten mass runs, and is then 
caught in a pot full of water. 

For very large quantities it is wise to use furnaces with a 
floor, built in different ways, and of which Fig. 131 shows a 
type that is often used. The materials to be vitrified are 
brought by an upper opening into the vault, and fall on to a 
horizontal piece raised from the floor. As fast as they melt, 
they run on to an inclined plane, to collect at the lower part 
of the hearth, from which they can be let off by a lateral 
opening, which while working is closed by a plug of fireclay, 
carefully sealed. A metal or earthenware spout leads the 
glass which is formed higher up into a pot full of water, in 
which it is collected. The working of the furnace is thus 
continuous, the putting in of the materials and their running 
off is done at intervals, without stopping the working. The 
heating is done by a fireplace at one end, while a chimney, with 
a draught that can be regulated, is at the other end. It is well 
to get the furnace to the desired temperature before introducing 
the mixture that is to be vitrified, and to pole the latter to 
make it homogeneous before running it off. 

This furnace is equally suitable for fritting. In this case 
the hearth is uniformly horizontal. By a lateral working door 
the mixture is thrown in and levelled, being afterwards taken out 
by the same opening, when fritted. 

In some potteries they do the fritting and vitrification in 
saggers placed in the kilns for burning the ware, the pieces of 
vitreous glaze being taken out while emptying the oven. To 
prevent it sticking to the bottom of the saggers, it is necessary 
to cover the latter with sand, which remains more or less 
agglutinated; but this method ought to be looked upon only 
as a makeshift and not as a regular method of manufacturing 
it. The same thing applies to the methods of melting the glaze 
on the hearth, or under the hearth of the burning kiln. As to 
the method by which the materials are allowed to melt and cool 
again in the crucibles and then broken up, the mixed up pieces 
of burnt clay and glaze being sorted out, it is, perhaps, allowable 
in a laboratory, but, although mentioned by some potters as an 
industrial method, it is a true barbarism. 
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In order to carry out the fritting or vitrification, it is essential 
for the materials to be well mixed, but it is not necessary to 
powder them very finely. The alkaline salts, boracic acid and 
borax, may even be rather large, and silica and feldspar may 
be in the form of sand. 

The heating ought in all cases to be done evenly, so as to 
avoid roasting ash or cinders getting in, but it is especially 
essential to watch that, in lead glazes, the atmosphere of the 
furnace be never lowered, in which case the oxide of lead is 
changed to metallic lead. As to the crucibles and the sole of 
the furnace, they ought to be made of fireclay which is fairly 
aluminous, and should not contain grains of free silica, which 
might be attacked and dissolved by the glaze. 

Vitrification is indispensable when it is desired to get very 
homogeneous glasses, and vitrification ensues when it is necessary 
to raise the temperature so as to decompose certain sulphates 
and carbonates. In all other cases fritting is more economical ; 
it becomes even necessary in the manufacture of certain alkaline 
glazes, which contain chlorides. The alkaline chlorides, alkaline 
earths or chloride of aluminium which are mixed in the mass, or 
which are formed by the action of heat, have a tendency, in 
fact, during vitrification, to become separated, to float and to 
be violently decomposed when in contact with water, at the 
time of emptying the crucible or basin. It is the same with 
the alkaline sulphides. | 

141, Mixing and Grinding with Water, For the manufacture 
of certain glazes, and, as we shall see further on, when they 

are applied by dusting, one may be satisfied with mixing them 
| dry, using substances which are first finely powdered. 

It may be done by means of the blunging machines already 
described, but it is very preferable to do it at the same time 
as the last grinding in water, which has this advantage, that 
it makes the mixture very homogeneous and the glaze finer. 
Blunging ought only to be used when the glaze is bought 
ready prepared. 

Grinding in water is done, most usually, between horizontal 
grindstones, the lower one being fixed, and the upper having 
a rotatory motion. /° 


+ 
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The latter has generally two hollows, through which the 
glaze enters between the stones. A cock, placed on the lower 
surface of the grindstone, allows the ground glaze to run out. 
According to the importance of the ware, the motion to it may 
be given by hand, or by a machine. Figs. 132 and 133 show 
the arrangements most generally used. The diameter of the 
vat varies from 13°77 in. to 15°75 in. for the hand machine, 
and from 27°55 in. to 39°37 in. for those driven by steam power. 


Fic. 182.—Glaze Grinding Machine. 


One can just as well use block mills, but now ball grinders 
or Alsing cylinders are preferred. 

Those used for grinding glazes can work charges of 20 to 
300 pounds for an expenditure of one-eighth to two horse- 
power (Fig. 134). The smallest models may be worked by 
motor power or by hand. The interior covering of the cylinder 
is of porcelain or stoneware, and the balls are usually flint 
pebbles. When the grinding is completed, the solid cover is 
replaced by a grating, which allows the glaze to run out. 


If clay enters_into the composition of the glazes, it ought, unless 
ee 
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in very small proportion, to be added to the ground mixture in the 
form of a liquid paste towards the end of the operation, because 
it would hinder the powdering of the other harder materials. 
The glazes ground thus are generally sifted to keep out the 
grains which are not powdered or the lumps that may have 
formed. When the sieves are fine, the glaze must be very liquid 


Fia. 188.-—Glaze Grinding Machine. 


to pass through them, and it is best afterwards to let it settle in 
basins for it to become of a consistency suitable for application. 

It may sometimes happen, on account of the methods of 
pulverisation employed, that the glaze will contain small par- 
ticles of iron. In this case it is wise to use an electrical 
method of purifying it, similar to that which is sometimes used 
in the preparation of the paste by the liquid way. In this 
method the liquid glaze is carried into a vat (Fig. 135) con- 
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taining magnets, some fixed, others movable, which act as 
agitators. The purified glaze is emptied by a lower cock, while 
the magnets, which can easily be taken out, are, from time 
to time, removed, cleaned, and then replaced. 

142. Application of the Glazes.—The application of the glazes 
may be carried out on dry ware or on biscuit. In the first 
case the ware ought to be very dry and sufficiently resisting 
not to be spoilt either by the manipulation of the application, 
or by the damp of the glaze. In the second case they have 
undergone a definite burning at a high temperature, or perhaps 
they have been simply warmed to make the application easier. 
Whatever the method employed, it is essential that the body 


Fia. 184.—Glaze Grinding Machine. 


should be sufficiently porous and absorbent for it to soak up 
the glaze and make it stick. 

Six methods of applying glazes are used: dipping or im- 
mersing, pouring, sifting or sprinkling, spraying, dusting and 
volatilisation. 

In applying by dipping or immersion, the objects of clay are 
dipped into a basin containing the liquid glaze; the clay, in con- 
sequence of its porosity, absorbs a certain quantity of water; there 
is deposited on its surface a thicker or thinner layer of glaze. So 
that this method, which is very much used, may be successful, it 
evidently is necessary, on the one hand, that there be a resistant 
body, sufficiently empty of water, and, on the other hand, a glaze 
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which has a consistency that corresponds to the absorption of the 
paste and to the thickness of the layer that one wishes to have. It 
is only by experiments that one can determine the suitable con- 
sistency, which generally is about that of cream. 

On the other hand, care must be taken that, when the glaze has 


Fig. 185.—Electrical Purifier. 


dried on the paste, it should not be too powdery and therefore drop 
off at the least touch. The glazes into the composition of which 
slightly plastic materials enter, as clay, lime, white lead, etc., have 
not this fault, if they have not first been fritted or vitrified. It is 
for this reason that the fritting or the vitritication ought never to 
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be carried out with the entire components of the glaze, and that it 
is best to keep the more plastic materials to add to the others when 
being ground in water. | 

The glazes which are not pliant enough have, besides, the defect 
that they settle unequally and too rapidly, which forces them too 
often to be excluded. In order to remedy this defect, they may be 
mixed with vinegar, milk, starch and gums, but this addition often 
causes other troubles; also on principle it is better to try to find 
8 glaze composition which does not have this fault. 

In dipping objects, any dust that may be on them is first 
carefully got rid of; then they are held with the fingers by 
the parts that do not need to be covered with glaze. If there 
are no such parts, it is better to take them up with pincers that 
have pointed claws, so as only to leave small places on which 
the glaze is defective. These places can be touched up afterwards 
with a brush filled with glaze. The methods and vessels used for 
dipping are essentially dependent on the form of the objects, and 
here one can only give general directions on this subject. 

For pieces that need care retouching is besides inevitable. Hither 
with the finger or a scraper are equalised the parts on which 
there is too much glaze, as drops, streaks; with a brush some 
glaze is added to the edges, which generally get too little; finally 
‘some parts are cleaned off, feet, plinths, etc, on which the piece 
ought to stand. 

In applying by pouring, the glaze is poured over the object, 
giving it a suitable motion to spread it over uniformly. The unused 
glazes fall into a receptacle over which the object is held. This 
method is employed when the glaze is to be put only on the 
inside or outside of a vessel. It is also used for those bodies 
which are only slightly porous, which by dipping would not retain 
-@ sufficient layer. In this case the glaze ought to be made of a 
thicker consistency, and, if necessary, its viscidity increased with 
milk, starch and gums; these materials afterwards disappear in 
burning. The retouching is done in the same way as in the pre- 
ceding case. 

Application by sprinkling, which now is scarcely ever used, 
consists in sprinkling the objects with liquid glaze. It is done with 
-brushes that have short, hard hair, which are dipped in the glaze; 
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then they are shaken to get rid of the surplus liquid, and afterwards 
the ware is sprinkled from them. This method was employed for 
bodies that were unbaked, friable or covered with reliefs, which 
could not, without being spoilt, have been dipped or watered. 

Really for this kind of work, the application by spraying or 
diffusion is preferred, which is done with a small apparatus known 
by the name of a sprayer. This consists of two tubes at right. 
angles, one of which is in contact with a reservoir of glaze, and the 
other with some kind of a blast. The openings of the two pipes are 
arranged in such a manner that the current of air from one makes 
a draught and a drawing up of the liquid in the other. For small 
objects the blast may consist simply of an india-rubber ball; for 
very large surfaces an air pump that can give a pressure of about. 
7874 in. of mercury must be used. 

The sprayer is placed at a distance of 12 in. to 18 in. from the 
object, according to its size and the force of the jet. One or the 
other is moved, or both simultaneously, so as to spread the glaze 
uniformly over the whole surface. It is wise not to put the whole 
thickness of the layer on at one time, but to do it in two or several 
operations, allowing each time one layer to dry before putting on 
another. This method prevents trickling and gives a much evener 
thickness. ' 

Besides the method already mentioned, the application by 
diffusion is a very excellent one for large objects, panels, etc. 

In all the foregoing methods the glaze is used as a liquid paste, 
either thicker or thinner; for the application by dusting, on the 
contrary, it is a dry powder. The objects ought to be of unbaked 
body that is still damp, so as to retain the glaze with which it is 
powdered by means of a sieve. This method, which is now scarcely 
used except for coarse ware with a plumbiferous glaze, has the 
great fault that it is very dangerous to the health of the workmen 
because of the dust it makes. 

Lastly, the application by volatilisation consists in volatilising 
the glaze by heat inside the kilns used for burning the paste and 
thus insuring its deposit on the surface of the ware, where it. 
vitrifies by combining with the silica of the paste. This method is 
only used in the manufacture of stoneware; fuller details will be. 
found in the chapter given up to that ware. 


CHAPTER VII. 


FIRING. 


Summary.—§ 1. Properties of the Bodies and Glazes during the Firing: General 
Remarks on Firing—Modifications in the Constitution of the Bodies—The 
Part played by the different Materials constituting the Bodies with regard 
to their Fusibility—Modifications in the Volume and the Density—Modifica- 
tions in the Colouring—Defects in the Bodies after Firing—Firing of the 
Glazes—Agreement between the Bodies and the Glazes—Experiments in 
Fusibility and in Firing. 

§ 2. Description of the Kilns: General Remarks on Kilns. (a) The Fireplaces: Fuel— 
Classification of the Fireplaces—Heating by Wood—Heating by Coal with 
Fireplaces formed of the Ware, with Fireplaces with Gratings, with Furnace 
Fireplaces—Heating by Gas. (b) The Draught: Chimneys—The Draught in 
the Kilns—Regulation of the Draught. (c) Kilns: Classification of Kilns— 
Intermittent Kilns with Up Draught, with Down Draught, Horizontal In- 
termittent Kilns with Single Furnace—Continuous Kilns{with Single Firing 
Chamber, with several Firing Chambers—Horizontal Intermittent Kilns with 
several Fireplaces—Muffle Kilns. (d) Regenerators. (e) Construction of Kilns. 


§ 3. Working of the Kilns: General Remarks on the Working of Kilns—Charging— 
Smoking--Firing properly so called—The Atmosphere of the Kilns—Analysis 
of the Gases—Measuring the Draught—Measuring the Temperature—Cooling 
and Emptying—Thermic Yield of the Kilns. 


§ 1. PROPERTIES OF THE BODIES AND GLAZES DURING 
THE FIRING. 


143. General Remarks on Firing.—The firing is the last, the 
most important, and the most difficult operation in the manufacture 
of pottery. Its object is, on the one hand, to make the body per- 
manent, to give it resistance or impermeability suitable for its use, 
and, on the other hand, to vitrify the glazes, by giving them the 
physical properties of glass. | 

The temperature to which the body must be raised to make it 
unchangeable, depends on its chemical composition and particularly 
on the proportion of fluxes that it contains. It varies from 700° 
to 1,200°C. For some kinds the impermeability can only be obtained 
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at a very high temperature, from 1,100° to 1,400° C. The tempera- 
ture for vitrifying the glazes is still more variable, for it ranges 
between 500° and 1,400° C. Naturally it must be inferior, or at 
most equal, to that for the firing of the body. When it is equal, 
the firing is done in a single operation; when it is lower, first 
the body must be biscuited, then, by a second firing at a lower 
temperature, the glaze must be vitrified. 

We have seen, by what has been said about the classification 
of the wares, that terra cotta, faience and earthenware can be 
manufactured by either single or double firing, according to 
circumstances. On principle, a single firing ought to be chosen, 
not only because of the economy, but also because the firing at 
the same temperature for the body and the glaze makes their union 
more complete, giving to the ware certain special qualities of 
resistance. But it is necessary to resort to a double firing if it 
is intended to apply certain fusible glazes on a hard body which 
can only be obtained at a higher temperature. 

The porcelains are manufactured by a single burning, but the 
body is nearly always heated first at a low temperature, so as to 
facilitate the application of the glaze. This first heating ought to 
be considered as one operation in the manufacture, and not as a 
firing properly so called. 

It will be seen in the following chapter that the fired ware can 
still be submitted to one or several other firings afterwards, at 
decreasing temperatures, so as to make the decorations or colours 
of more and more fusibility adhere to them. 

The study of the firing of the wares may be subdivided into 
three parts. In the first we will examine the modifications made, 
in firing, in the properties of the bodies and glazes; the second will 
be devoted to the description of the kilns; the third to the study 
of the methods of working them. 

144. Modifications in the Constitution of the Bodies.—We 
have seen that the bodies which are dry and ready to be fired 
usually still contain some hygrometric water, which is evaporated 
in the first stage of the firing, called, rather unsuitably, by the 
names of smoking or stoving. This water disappears at a tempera- 
ture slightly above 100° C., at the same time as the organic matters 
are deprived of their volatile elements, and as the hydrates of silica, 





FIRING. 301 


or of iron monoxide, are decomposed, as well as certain hydrosilicates 
of alumina, such as allophane and collyrite. 

If the temperature continues to rise, it does not produce any 
more modifications till nearly 400°, when pure clay begins, in its 
turn, to decompose, at the same time as halloysite, lenzinite, 
cymolithe, bauxite, tale, magnesite, etc. This decomposition may 
proceed slowly up to 600°C. At that temperature also the carbon 
from the organic matters is burnt in the oxidising air of the kilns. 

Then, as about 700°, the bodies only form an anhydrous mixture 
of free silica, crystalline silica, alumina, the oxides of iron, alkalies, 
carbonates of lime or magnesia, and of several silicates including 
those of feldspar and analogous stones, or of the terra cotta “grog”. 
The other mineral substances which the bodies may still contain 
are only found very rarely, or in proportions too insignificant to 
exert any influence on the firing. Up to that temperature all the 
bodies act in the same way, their constituents remaining mixed, 
without any chemical affinity for one another. 

After 700° the alkalies, then the monoxide of iron (if in sufficient 
proportions and in the presence of alumina), begin to unite with the 
free silica to form various silicates. Here we must notice that any 
of these bases alone could not at this temperature combine with the 
silica ; they can only act when mixed. It follows that in the bodies 
which only contain a small amount of fluxes the silicates do not 
begin to be formed until a higher temperature. 

The heat continuing to rise, the carbonates begin to decompose, 
carbonic acid is given off, and the bases set at liberty, joining the 
alumina and other fluxes, unite with the free silica, forming new 
silicates, which are more complex, so that at a temperature of 
about 900° the different bodies present considerable variations in 
their constitution ; it then becomes necessary to divide them into 
four subdivisions :— 

1. The bodies containing a large proportion of fluaes and 
not much crystallised silica, at least in which the latter is only 
found in the form of an imperceptible powder.—In these bodies 
nearly all the bases are combined with siiica. There remains, 
however, often still a certain quantity of carbonates that are not 
decomposed. The crystallised silica has been attacked in its turn, 
or at least disappears in the midst of the silicates. The bases, and 
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chiefly the alumina, being entirely combined, the baking may be 
considered finished. If the raising of the temperature is still 
continued the mass softens again, rapidly gets out of shape, then 
melts into the form of a highly-coloured slag, blackish-brown 
or green, in which may often be noticed some bubbles, which are 
formed by the carbonic acid arising from the decomposition of the 
carbonates. 

2. The bodies containing a large proportion of fluxes and 
having an important amount of crystalline silica in the shape 
of grains of a fairly large size.—In these bodies nearly all the 
bases are equally united with the free silica, but the crystalline 
silica has remained intact, and forms in the middle of the mass 
of silicates a sort of rigid skeleton. The burning of these bodies 
also is finished or nearly so. If one raises the temperature the 
silicates begin to soften again and to vitrify, but the mass keeps its 
shape, thanks to the unchangeableness of the crystalline silica. It 
is only at a temperature of 1,100° to 1,200°, sometimes even more, 
according to the proportion of the fluxes, that the crystalline silica 
is attacked in its turn, that the mass becomes misshapen and melts 
the same as the preceding one does. 

3. The bodies containing a small amount of fluxes, the 
quantity of crystalline silica being slight or being in an 
vmperceptible form.—In these bodies the formation of silicates 
has scarcely begun at 900° C.; we must raise the temperature to 
nearly 1,200° before the alumina, aided by the small amount of the 
flux, will combine with the silica. This combination is made the 
more easily as the proportion of silica is higher, without, however, 
passing certain limits. It is at very various temperatures, according 
to the proportion of the fluxes, that the mass first vitrifies, then 
softens and finally melts. 

4. The body containing little flux, but a large proportion of 
erystalline silica in coarse grains.—As in the preceding body, the 
combination of the silica and alumina only takes place at about 
1,200° C. But at higher temperatures the mass vitrifies without 
softening, thanks to its silicious skeleton. When there is only 1 
or 2 per cent. of fluxes, it is melted only at the highest temperature 
that can be produced in the industry. 


It is well understood that these four classes of body are not 
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clearly marked out, and that wares are met with that have all the 
intermediate degrees. But, in a general way, it ought to be con- 
sidered that the firing properly so called of a pottery production 
is finished when all the bases, and especially the alumina, are 
turned into silicates. If the temperature is raised above this point 
in firing, either the body softens again, becoming misshapen, and 
ends by melting in the form of slag, or else it vitrifies without 
going out of shape, then melts just the same. In this latter case 
the vitrification of the body, which until then was porous, has the 
effect of making it impermeable. 

145. The Part played by the different Materials constituting 
the Bodies with regard to their Fusibility.— Alwmina.—This base 
ought to be considered as the refractory element par excellence 
of all the pottery productions. Combined in the form of silicates, 
it makes them so much the more refractory the more its quantity 
in them is raised. 

Fluxes.—There are included under this head, as far as it con- 
cerns the bodies, potash, soda, ferrous oxide, lime and magnesia. 

Each of these fluxes, taken alone, only combines with silica 
at a high temperature. But, by only considering always the 
same proportion of fluxes in regard to the silica, the fusibility 
increases according as one mixes two, three, four, or if one makes 
all the five act upon it simultaneously. Thus a mixture by 
equal parts of potash and soda is more fusible than potash or 
soda alone; a mixture of potash, soda, and oxide of iron is more 
fusible than the alkalies alone, etc. The cause of this singular 
action is actually still unknown, but it is general and is found 
in all industries in which one has occasion to produce silicates 
under the influence of heat. 

In what concerns the relative fusibility of the five fluxes, 
according to Richter, one agrees that it is proportional to their 
chemical equivalents, that is to say, that 47 parts by weight of 
potash act as 36 of oxide of iron, 31 of soda, 28 of lime and 
20 of magnesia. This principle, which seems correct at high 
temperatures, is not exact at low temperatures and for a high 
proportion of fluxes, because the temperature at which these 
different bases begin to have an affinity for the silica is not the 
same. It is the alkalies which, as has been said before, are 
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the first to begin to combine; then comes the oxide of iron in 
the form of monoxide. The order of the other fluxes is not yet. 
quite determined. The iron in the form of dioxide is not a 
flux; it acts as a refractory material, although in a less degree 
than alumina. 

What has just been said on the subject of fluxes only applies 
to those which are found in a free state in the body, or to those 
the combinations of which are destroyed at a low temperature. 
It is no longer the same when these fluxes are found, in 
spite of their origin, in the form of stable combinations, in 
which case the flux only begins to act when the temperature 
is high enough to destroy them. We have seen that such was 
the case for the carbonates of lime and magnesia. The same 
fact is true of the sulphate of lime. The fluxes may equally 
enter into the composition of the substances, as for example, the 
feldspars, that are not decomposed by heat, which only begin to 
act when the temperature is high enough to fuse them. 

Silica.—The part the silica plays is complex, because, accord- 
ing to circumstances, it increases or diminishes the fusibility, as 
we have already seen in the foregoing article. 

Pure silica is very refractory, of the same standard as alumina; 
consequently when some silica remains not combined in a body, 
it diminishes the fusibility. But, on the contrary, we must 
notice that the silicates are formed as much more easily as the 
fluxes and alumina are found connected with a very large 
quantity of silica, and that the silicious silicates are more fusible 
than the basic silicates. 

These two observations allow us to decide what is the part 
the silica plays. At a relatively low temperature, below 1,000° 
or 1,100°, it is only the free silica, or the crystalline silica in 
an imperceptible powder, which is susceptible of being united 
with the bases and of helping the fusibility. The result is that 
the coarsely crystalline silica and alumina are two refractory 
elements. On the contrary, at a higher temperature, the crystal- 
line silica is itself combined and helps to increase the fusibility, 
so that the alumina remains the only refractory material. If, 
however, the proportion of the silica becomes considerable enough, 
not only is it susceptible of neutralising the affinity of the bases, 
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but there may remain a certain quantity of it uncombined. From 
this moment this excess of silica again plays a refractory part, 
as opposed to the silicious silicates with which it is mingled. 

These statements about silica and alumina, from the point of 
view of fusibility, are more clearly shown when the mixtures 
of the two substances are carried to very high temperatures 
without the intervention of the fluxes. As long as the proportion 
of alumina is higher than that contained in pure clay, the mixture 
in practice is infusible; then the fusibility increases at the same 
time as the proportion of silica, until the composition about 
corresponds to the formula Al,O,16SiO,. After that the mixture 
again becomes more and more refractory. 

In all the circumstances here mentioned there is a substance 
which very frequently is found in the composition of the bodies, 
but which has been passed over in silence. That is the terra 
cotta “ grog,” having the same composition as the body (Chapter IL, 
art. 42). At temperatures below that for vitrification it acts 
as a refractory element, but from that moment it softens again 
at the same time as the body, and no longer exercises any in- 
fluence on the fusibility. 

146. Modifications in the Volume and the Density. — The 
evaporation of the hygrometric water causes a diminution in 
the density of the body, because the shrinkage, if there is any, 
through that means is very slight, and is not made up by 
the increase of empty spaces. The giving off of the water of 
combination acts in the same manner, and we may admit that, 
up to about 600° to 700°, the volume of the body slightly 
decreases, while the density becomes continually less. But from 
the moment when the silicates begin to be formed the body 
contracts, and has a tendency to fill up the empty spaces made 
by the evaporation of the water and by the contraction of the 
organic materials. This action proceeds regularly up to the 
moment when, vitrification beginning, the spaces have a tendency 
to disappear; the body becomes impermeable, and the apparent 
density attains its greatest point. The shrinkage is at first 
constant, rather small, nearly proportional to the height of the 
temperature, until the latter corresponds to the firing, properly 
so called, of the body. After that moment, the shrinkage increases 
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fairly quickly, this increase becoming more rapid as the tempera- 
ture for vitrification is more nearly reached. 

Such are in a general way the variations of volume and density 
of the body while being fired. These bodies, however, in this 
matter present remarkable variations from one another. On the one 
hand, one must naturally take account of their variable proportion 
of water, both hygrometric and of combination. On the other 
hand, the shrinkage of the kaolin earths and of the clays do not 
take place at the same temperature; and, finally, an important 
amount of quartz or carbonates results in considerable variations 
in the volume. 

In order to show these modifications in a clearer form, there 
have been graphically represented (Fig. 186) the variations of the 
total volume and those of the empty spaces for four sorts of body 
which are looked upon as types. But it can easily be conceived 
that these sketches must only be regarded as examples, without 
attributing to them an exactitude which, in the actual state of our 
knowledge, it is still impossible to give them. 

The first type is that of the kaolin earth bodies. The total 
volume of the dry body, say equal to 100, diminishes very slowly 
and very slightly until about 800°. After that time the shrinkage 
‘grows more and more quickly up to about 1,350° to 1,375°, the tem- 
perature for burning hard porcelain, considered in pottery as the 
maximum that one can attain in practice. On the other hand, the 
volume of empty spaces contained in the dry body at first increases 
quickly between 50° to 130° on account of the evaporation of the 
hygrometric water, then remains nearly constant, and submits, 
between 400° and 600°, to a new rapid increase, due to the decom- 
position of the hydrosilicate of alumina. After having attained its 
height, between 600° and 800”, it diminishes, at first because of the 
shrinkage, and afterwards because the body, above about 1,000, 
diminishes in absolute density. 

This diminution is due to the formation of silicates, which are 
so much the less dense as they have been produced at a higher 
temperature. Then there occurs a very curious phenomenon, which 
was unexplained for a long time: the simultaneous diminution of 
the volume and the density of the body. The drawing shows that 
we must look for the explanation in the reduction of empty spaces, 
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which hides the inflation which is forced in the body of which the 
weight remains constant, while its density diminishes, 

All the natural silicates—feldspars, granites, porphyry, ete— 
equally undergo a diminution of density when they are heated to 
a temperature near that of their fusing point. Thus, for the kaolin 
earth body which we have been considering the absolute density 
(measured in the powdered body), at first about 2°4, increases in 
consequence of the giving off of water, to reach nearly 2-7, then it 
diminishes again, falling to about 2:5. As to its apparent density 
(the weight of the unit of volume), from 1°6 to 17, it at first 
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Fio. 186.—Variations of the Volume of the Bodies in Baking. 


diminishes regularly until the moment of the evaporation of the 
water, increasing rapidly afterwards, according as the empty spaces 
disappear. It, however, never becomes equal to the absolute density, 
because, even in those bodies which are completely vitrified, there 
always remains a certain proportion of empty spaces. 

The clayey bodies, very nearly pure, form the second type. 
This differs from the first, firstly, by the larger proportion of 
water, and, secondly, because the shrinkage is nearly accom- 
plished about 1,200°, and because, after that time, the volume 
only diminishes very slowly. This last difference, unexplained 
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up to the present, is very characteristic, and thus allows us 
exactly to distinguish the clays from the kaolin earths. 

When the bodies contain a noticeable proportion of quartz, 
the inflation which the latter undergoes in passing from the 
density 27 to 2°6 to the density 2°3 to 2:2, to which attention has 
already been drawn, is added to that of the clay, and it may 
be that the reduction of the empty spaces are no longer sufficient 
to hide it. This is the case which is represented in the third 
type (clayey bodies containing quartz), in which one sees that 
the volume of the body, having diminished to about 1,200°, as 
in the preceding case, afterwards increases, The fact can easily 
be noticed in practice, on very quartzose fire-bricks. 

Finally, when the bodies have a sufficiently high amount of 
carbonates, the elimination of carbonic acid above 800° makes a 
third increase in empty spaces, which is represented in the fourth 
type (calcareous-clayey bodies). As these bodies are usually 
rather fusible, the shrinkage continues up to the fusing point, 
this having very likely taken place before the giving off of the 
carbonic acid is complete. 

Thus we see, from the preceding, that for each composition 
of the body there correspond, during baking, different modifica- 
tions in the volume and density, the importance and nature of 
which may be imagined, according to the four preceding examples. 
We repeat, finally, that these examples ought not to be taken 
in a rigid sense, and that the sketches only represent in an 
approximate manner the phenomena which have up to now been 
too little studied. 

147. Modifications in the Colouring.—Among the different 
substances which enter into the composition of the bodies for 
pottery, there are only the combinations of iron and the organic 
materials which have colouring. It is only quite exceptionally 
that the oxygenised combinations of manganese, titanium and 
vanadium, which are also coloured, are found in them. It must 
be understood that this observation does not apply to the bodies 
into which a colouring metallic oxide is voluntarily introduced 
for the purpose of decoration. 

Under the influence of the burning, the organic materials 
disappear, while the body becomes of a colour either more or 





FIRING. 309 


less grey when it contains oxide of manganese, and it becomes 
a deep greyish-blue when there is a large amount of titanic 
acid. As to vanadic acid, it produces yellow or green efflor- 
escence, which will be dealt with further on. There remains 
the iron, which is nearly always the only colouring element 
in the body, and the different combinations of which give them 
shades varying from greenish-blue to black, from yellow to orange 
or red, from yellowish-brown to green. The study of the conditions 
under which these different combinations can be produced is 
one of the most complex problems in pottery. 

Whatever may be the form in which iron is found in the 
plastic bodies, it is changed into red iron peroxide when it 
is heated in an oxidising atmosphere. If the body only contains 
a small proportion of lime or magnesia, from this fact it gets 
a colour varying from light yellow to. yellow, then to orange, - 
and finally to red, according to the proportion of iron oxide 
that it contains. An amount of 5 per cent. is sufficient to give 
a tint of clear red, which reaches the maximum of intensity 
at the proportion of 8 per cent. or 9 per cent., the colouring 
not being changed for a higher amount. 

But as the temperature of the firing is raised the shade 
deepens, and has a tendency to pass into brown. In this case, 
the iron peroxide combines with the silica and alumina to form 
a double silicate, which has the colours mentioned above. 

It is no longer the same when the bodies contain lime or 
magnesia. In this case, as long as the temperature of the 
oven remains below 700° or 800°, the colour due to the iron 
peroxide remains the same as the preceding, but if it passes this 
temperature, a multiple silicate is formed, yellowish when the 
proportion of lime or magnesia is double that of the iron 
oxide. In other words, these two bases neutralise the red 
colouring of a proportion of the iron oxide which is equal 
to the half of their weight. Thus, a body containing 10 per 


-cent. of lime or magnesia and 7 per cent. of iron has about 


the same colour as a body that is made of alkaline earthy bases, 
and which contains only 2 per cent. of iron oxide. If one 
continues to raise the temperature, the silicates of lime and 
iron take a greenish-yellow tint, which becomes quite green at 
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the moment of fusing, as may be noticed in the glass of some 
bottles and in Portland cement. 

When the gases of the kiln in which the burning takes 
place contain sulphurous fumes, these combine, in the form 
of sulphuric acid, with the lime of the body to form, mostly 
on the surface, calcium sulphate ; the result is that the lime thus 
combined can no longer enter into the formation of the multiple 
silicates, and loses its property of discolouring the iron oxide. 
As this action is only produced on the surfaces which are ex- 
posed to the gases of the fire, it follows that they sometimes 
have a red colour, while the inside parts, which are more pro- 
tected, keep the yellow or greenish-yellow tinge of the silicates 
of lime and iron. 

Such are the variations of colour produced by oxide of iron 
when the firing is done in an oxidising atmosphere. If, on 
the contrary, this atmosphere is reducing, that is to say, if it 
no longer contains any oxygen and an excess of hydrogen and 
of carbonic oxide, the iron peroxide is changed into monoxide 
and gives rise to new colours. _ 

If in small proportion, the combinations of the iron mon- 
oxide have a light bluish tinge, such as one may see in most 
porcelains. If the proportion increases, the colour deepens 
rapidly and passes into black with blue metallic reflections. 
The presence of a certain proportion of lime or magnesia does 
not alter these colours. As to the sulphurous fumes, they have 
no action in a reducing atmosphere, because they remain in 
the form of sulphurous acid. 

We shall see later, à propos of the functions of the kilns, 
that the atmosphere may often be alternately oxidising and 
reducing, especially at high temperatures. In this case, the 
degree of oxidation of the salts of iron may be modified several 
times during the process of one baking. But the final colour 
is that which corresponds to the composition of the atmosphere 
at the time of cooling. If this, as nearly always is the case, 
is Oxidising, one notices that the repeated changes in the salts 
of iron have the effect of diminishing the intensity of the 
colours. 

We must, however, notice that the oxidising or reduction 
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of the salts of iron can only be produced in a porous paste, 
which allows the gases of combustion to penetrate into it. If 
the burning is carried to a temperature high enough to cause 
vitrification, or if the paste is covered with a glaze, it will keep 
definitely the colour corresponding to the composition of the 
atmosphere at the time of its vitrification or of the fusion of 
the glaze. This observation has an enormous importance in 
the manufacture of porcelain and stoneware, because it allows 
one to give the paste the bluish colour of the salts of the 
monoxide, by the reducing tendency during the principal firing, 
while afterwards having for it a decidedly oxidising atmosphere 
during the cooling. 

Lastly, we must remark that, for thick or close bodies, the 
changes in the composition of the atmosphere can only act 
at the end of a certain time as far as the centre of the object. 
Thus, it may then happen that in certain cases the salts of. 
iron may be, in the centre, in a state of monoxide, and, on the 
surface, in the form of peroxide. The contrary case, although 
more rare, may equally be found. 

If the reducing action of the atmosphere was intense and 
prolonged it might cause a complete reduction of the oxides of 
iron, which would change it, at least partially, into metallic iron. 
This case is only found quite exceptionally in working. But 
if the cooling of the porous pastes is worked in an atmosphere 
charged with carburetted hydrogen, these decompose in contact 
with the paste when heated to red heat. The hydrogen com- 
bines more or less with the small proportion of oxygen contained 
in the atmosphere of the kiln, while the carbon is deposited in 
the pores of the paste, giving it a grey or black colour. This 
property is sometimes made use of to obtain black terra cottas 
or bluish-black ones, according as to whether there is simply a 
deposit of carbon, or whether this is acted upon at the same 
time as the reduction by the salts of iron in the form of 
monoxide. 

If one heats it a second time to red heat in an oxidising 
atmosphere, the black wares thus obtained become discoloured, 
and take the tint that the proportion of peroxide of iron which 
they contain naturally gives them. 
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148, Defects in the Bodies after Firing.—The different defects 
that the bodies may show after baking are arranged in nine classes: 

1. The defects arising from moulding (pressing) which have 
been mentioned in Chapter IV. They consist, as we have seen, in 
the objects getting out of shape, caused by the different density 
which is the result of an unequal pressure on the body during the 
moulding. 

2. The defects due to a bad charging of the kiln —These 
will be described in the articles relating to the process of charging 
the kiln. 

3. The defects arising from either a too low or a too high 
temperature wm firing—For porous bodies too low a firmg 
makes the ware too tender, slightly resistant, and badly bearing 
exposure to weather; for the impervious bodies vitrification 
remains incomplete and the ware porous. On the contrary, 
an excess of baking has the result of distorting the objects, 
then of scorifying them and then melting them. 

4. The defects arising from a too rapid heating.—If the 
bodies contain hygrometric water, if they are heated too quickly 
there forms in the interior of their mass some aqueous vapour 
(steam), which may make them burst. The body once dried 
can be heated more rapidly, the giving off of the water of 
combination as well as that of the carbonic acid taking place 
without new difficulties occurring. But it must be remarked 
that it is difficult to heat equally all the parts of an object, 
and that, from this fact, there may occur inequalities in the 
shrinkage, inequalities that may cause breakages, which might 
be avoided by heating it sufficiently slowly and regularly. 

5. The defects arising from a too rapid cooling.—These 
may be occasioned either during the cooling after burning, or 
by the admission of cold air coming suddenly on the ware 
during the burning. In the two cases it produces cracks or 
splits. 

6. The defects due to a,wrong composition of the atmosphere 
of the kilns.—This kind of defect is shown by an irregular 
colouring, or one different from that which is wished for. We 
have examined, in the preceding article, the influence that the 
composition, whether oxidising or reducing, of the gases of the 
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fire can have on this subject. We must, however, here add a 
word upon the harmful influence that coal smoke or the hydro- 
carbons may exercise. We have seen that the latter cause in 
the interior of the pores of the paste a deposit of carbon. In 
the porous wares this deposit is consumed during the period 
of cooling, this being nearly always oxidising; in the im- 
pervious wares it may, on the contrary, remain sealed up in 
the pores at the moment of vitrification, and give it a yellowish, 
smoky tinge that cannot be removed. 

7. The defects arising from the presence in the atmosphere 
of the kilns of sulphurous fumes, or of those of alkaline 
salts.—In the preceding article we have seen that the sulphurous 
fumes, which may arise either from the fuel or from the sulphides 
contained in the bodies, are found in the form of sulphuric acid, 
if the tendency is oxidising and the temperature low enough, 
or of sulphurous acid, with a reducing tendency and a high 
temperature. In the first case the acid combines with the lime 
Of the body and often causes spots on the parts which were 
more particularly exposed to the circulation of the gases. In 
non-caleareous pastes, and with a reducing atmosphere, these 
sulphurous fumes have no noxious action. 

The ashes of the fuel always contain a rather large propor- 
tion of alkaline salts, which may be carried in by the draught, 
and fix on the surface of the ware, causing the formation of 
the more fusible silicates. In the beginning of the firing, when 
the kiln is still damp, these may also dissolve in the water that 
the bodies still contain, and be added to the soluble salts that 
the body may naturally contain. 

8. The defects arising from the soluble salts contained in 
the bodies.—These defects are not due to the baking, but to the 
composition of the bodies; they are mentioned here, however, 
because they do not become clearly visible until after the 
burning. These soluble salts (sulphates, chlorides, silicates of 
lime, soda, potash and magnesia) follow partly, during the drying, 
the movement of the water from the centre to the surfaces, and 
form whitish efflorescences there. When the gases of combustion 
do not contain sulphurous fumes, which is the. case scarcely ever 
except in wood firing, the result from it is simply a thinning 
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of the colour of the surface, these salts at the time of the full 
fire entering into the formation of the silicates. If, on the 
contrary, there are sulphurous fumes, the sulphuric acid pro- 
duced unites with the bases of the soluble salts and makes 
sulphates, forming white spots on the ware, which are partly 
insoluble. 

On the other hand, if the temperature of the burning is not 
sufficient to turn into the various silicates the soluble salts that 
remain in the body, these may be dissolved when the burnt 
‘wares are moistened again—by rain, for example—and they form, 
even after having been made several months, new efflorescences. 
However, these are less to be feared than the preceding, because, 
the salts being soluble in water, the spots produced can be taken. 
off by simple washing. 

We have seen before that the salts of vanadium contained in 
certain bodies also produce yellow and green efflorescences. This 
defect is noticed principally with clays of a lignite formation, 
which are very much used in North Germany. Efflorescences like 
the preceding ones are produced when the burnt ware is after- 
wards exposed to damp. There are formed first efflorescences of 
an intense yellow, due to vanadic acid, which, under the influence 
of the coaly dust of the atmosphere, take a bluish-green colour, 
because of the reduction of the vanadic acid into oxide of vana- 
dium. 

9. The defects arising from the lime and magnesia contained. 
in the bodies.— We have already seen that when lime and mag- 
nesia are not intimately mixed in the bodies, and the temperature: 
has not been sufficient to change them into silicates, they may 
remain in the form of grains of lime or caustic magnesia, which, 
by being hydrated afterwards in the burnt ware, would increase 
the volume and make the ware split. -We have noticed that by 
plunging into water the bodies while still warm, when they come 
out of the kiln this defect is noticeably decreased. 

The preceding enumeration of the accidents which may arise: 
during and after baking the pottery bodies will be finished in 
the special examination of the manufacture of the different. 
kinds of ware. Although each of those singly need not incur 
simultaneously all the defects which have just been described, 
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the above, nevertheless, shows the various difficulties that are 
found in the industrial process of firing the body. 

149. Firing of the Glazes.—We have seen that the glazes can 
be applied either on a body which is simply dried, or on a body 
which has first been fired. In the first case the precautions 
which it is necessary to take in order to obtain a perfect firing 
of the body are sufficient to ensure that of the glaze at the 
same time. In the second case the operation is much easier, 
and one can rapidly raise the temperature to the point at which 
the glaze begins to vitrify. In fact, it is only from the moment 
at which, under the influence of sufficient heat, it is changed into 
glass that it attains the properties which are suitably different, 
from those of the body. 7 

For each composition of the glaze there is a corresponding 
temperature at which it begins to soften, according to the com- 
bination of its raw materials in the form of silicates and 
borates, Then, becoming more fluid, it spreads equally over 
the surface of the body in the form of a viscous, adhesive layer. 
If the temperature continues to rise, its fluidity would become 
sufficient to destroy its adhesion to the body, and it would run 
towards the lowest parts, and would afterwards end in being 
volatilised. 

We see then that the temperature for firing the glazes is 
confined between very narrow limits; also, that it is necessary to 
give them such a physical structure that the liquefaction shall 
not take place suddenly, but be preceded by a fairly long period 
of pasty moistness. When the vitreous layer is spread uniformly, 
the temperature is kept up for a period of time which varies with 
the nature of the ware, then it is let down regularly and slowly 
enough to prevent the accidents which were mentioned in the 
preceding article. 

The defects which the glazes may present after being baked 
are divided into four classes :— 

1. The defects arising from the non-adhesion of the glaze.— 
We have already seen that the glaze may detach itself from the 
body before firing, when it is not sufficiently plastic and 
becomes powdery in drying. It may equally occur that the 
surface of the body is too compact, or may even be covered with 
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dust or be oily, in which case the glaze cannot very well adhere 
to it. The result after firing is fissures in the vitreous layer, 
which seems to contract. 

2. The defects arising from the body being too absorbent.— 
Contrarily to what takes place in the preceding case, the 
body may be too absorbent, the glaze when vitrified penetrates 
the pores of it and may completely disappear in them. It is 
curious that the same effect may be observed fairly often when 
the ware is put in the kiln by the side of pieces made of porous 

bodies which are not glazed, as, for example, the saggers which 
are used in charging or for the walls of the kiln. In this case 
there is a more intense volatilisation of the glaze which is carried 
on to the unglazed bodies One says then that the glaze 18 
sucked in by the body. 

3. The defects which are the result of a too low or a too high 
temperature in burning.—In the first case the vitrification is 
incomplete, and the glaze has the appearance which is characterised 
by the name of eggshell. In the second case the too fluid glaze 
runs towards the lower parts of the ware, leaving the others 
bare. This defect of trickling is also produced when the glaze 
is too thick for it to be entirely kept up by the adhesion of 
the body. In certain cases a too high temperature can also 
cause a boiling of the glaze, which then on cooling is filled with 
bubbles or blisters. 

4. Defects in the composition of the body or of the glaze.— 
In this case the glaze can also contain bubbles or be dotted with 
a crowd of little blackish points. The cause of this defect is 
either in a gaseous decomposition of the glaze (the giving off 
of carbonic acid, oxygen, etc), or in a chemical reaction which 
is produced by the elements of the body with those of the glaze. 

The study of the defects in the glazes will also be completed 
in the special examination of the different sorts of pottery. 

150. Agreement between the Bodies and the Glazes. — So 
far, there has only been question of the burning of the bodies 
and glazes taken separately. We must now study the conditions 
between them which must be fulfilled to give a ware without 
any defects. . 

We have already observed that if the burning is to be done 
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in a single operation, it is necessary that there be an agreement 
between the temperatures for firing the body and the glaze. 
This agreement is generally easy enough to manage, by vary- 
ing, either in one or the other or even in the two simultaneously, 
the proportion of the refractory elements or of the fluxes. This 
problem no longer exists when the burning is done in two 
operations, the first intended to fire the body and the second, 
at a lower temperature, vitrifying the glaze. 

However, no matter what process of firing is adopted, 
from the moment when the glaze is spread as a glass on the 
surface of the body, these two elements of the ware become 
united, and it is necessary that while cooling they should con- 
tract equally. Like all solid bodies, the bodies when fired, 
and the glazes expand under the influence of heat, and return 
to their original size when cooled. One can understand then 
that it is necessary for them to have during cooling an agree- 
ment between the contraction of the body and that of the 
glaze. 

If the glaze contract more than the body, it will often be 
subjected to a tension which may cause its rupture, either in 
connection with the cooling, or later by the influence of an 
external cause (concussion, heating, etc.) This breaking takes 
place in the form of more or less numerous cracks, either more 
or less wide apart, or larger or smaller, called by the name of 
crazing. The nearer together or the more numerous these are, 
the greater the antagonism between the body and the glaze. 
Sometimes, when the glaze is very thick, this defect may become 
serious enough to cause the body itself to break. 

If, on the contrary, the glaze contracts less than the body, 
it is found compressed, and if this compression passes the limit 
of its elasticity, it breaks, forming chips, which are detached 
from the body, sometimes taking portions of it with them. 
This defect, which is opposed to crackling, is called by the 
name of scaling. 

The problem of the agreement between the contraction of 
the body and that of the glaze is the most difficult one that is 
met with in pottery. It can only be solved by a series of trials, 
and one can understand the difficulties, often insurmountable, 
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which beset the ancient potters, who did not know the exact 
compositions given by chemical analysis, and who were ignorant 
even of the cause of their failures. 

This, then, is the quickest method of solving the problem. 
We begin by determining exactly the chemical composition of 
the paste and the glaze, then proceed to firing trial pieces. 

If these show crazing, the composition of the glaze is modified 
by diminishing the proportion of alkali, and increasing that of 
the earthy alkaline bases of the silica or of the boracic acid. 
It is, in fact, the alkalies, potash and soda, which make the 
compounds that expand the most; the oxide of lead occupies 
a middle place, while the compounds of the alkaline earth bases, 
alumina, lime and magnesia, have the least expansion. On the 
other hand, the monosilicates have a greater expansion than 
the bisilicates. Boracic acid gives compounds which act like 
the bisilicates. 

The action of the colouring oxides will be examined in the 
following chapter, which treats of the decoration of the ware. 

When, on the contrary, the trial pieces are scaled, we modifiy 
in the opposite way the composition of the glaze. 

Generally, after some failures, the desired result is arrived 
at.. If, however, such is not the case, then the composition of 
the body must be modified, and then begins a new series of 
experiments. 

When crackling occurs, these are the modifications that can be 
tried with the body :— 

1. Increase the proportion of silica. 

2. Grind it more finely. 

3. In the non-vitrified bodies increase the amount of the 
fluxes. 

4. In the vitrified bodies, on the contrary, diminish the amount. 

5. In the bodies containing ball clay and china clay increase 
the proportion of ball clay and diminish that of the china clay. 

If, on the contrary, there is scaling, naturally the reverse 
modifications are made. 

Silica has a much greater expansion than clay, also its mix- 
ture in a body results in diminishing crazing and increasing 
scaling. This action is so much the more noticeable as ‘its 
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grains are finer. It follows that we can diminish the crazing 
by grinding the silica more finely, or, on the contrary, diminish 
the scaling by mixing it in the form of coarser grains 

As to the fluxes, they act upon the temperature for firing 
the body. In the non-vitrified bodies the expansion goes on 
rapidly increasing as one raises the temperature of the burning. 
The result is that in vitrifying a glaze on three specimens of 
the same body, one slightly, the second medium, and the third 
very highly fired, if it agrees with the second, the first will 
have crazes and the third will be scaled. In this case the in- 
crease in the amount of fluxes acts like the raising of the 
temperature by diminishing the crazing and increasing the 
scaling. It is not the same for the vitrified bodies in which 
the expansion diminishes; on the contrary, from the moment 
when vitrification begins, they change more and more into a 
vitreous production. In this case the increase of fluxes causes 
crazing and diminishes scaling. The bodies which are not vitrified, 
but are rich in silica, act in the same way; one notices, in fact, 
that their expansion, after having reached the maximum, begins 
to diminish with the raising of the temperature. This fact can 
be explained by the progressive change, under the influence of 
heat, of silica with a density of 2°7 to 2:6 into silica with a density 
of 2:3 to 2:2, the first having a greater expansion than the second. 

The foregoing observations, while showing the line to be 
followed in solving the problem of the agreement of the bodies 
and glazes, equally show the difficulties it presents, as well as 
the perseverance and professional skill that it needs on the part 
of the potters. 

The exact measure of the contractions, or rather of the ex- 
pansions of the bodies and glazes, has been the aim of long 
and minute experiments by MM. Le Chatelier and Damour. 
By means of very precise and ingenious apparatus, these clever 
experimentalists have ‘proved that the co-efficient of expan- 
sion varied from 0‘000002 to 0000007 for an increase in the 
temperature of one degree. Unfortunately, these researches 
are only of theoretical interest, because by determining sepa- 
rately the expansions of the body and the glaze, no account 
is taken of the action they have on one another; an action 
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which, especially for stoneware and porcelain, may be sufficiently 
important to do away with all the value of the figures thus 
obtained. Besides, there is hardly any need to remark that 
these experiments would not in any degree replace practical 
researches, which are neither simplified nor shortened by them. 
151. Experiments in Fusibility and in Firing.—It is seen by the 
preceding that the trials in burning are of considerable import- 
ance, and that one may need to make a great number before 
undertaking a new industrial manufacture. Hence it is necessary 
to possess a test kiln, which will allow of quickly getting a 
high temperature, and the arrangement of which can be easily 


Fig. 187.—Trial Kiln. 


modified so as to give at pleasure oxidising, neutral, or reducing 
atmosphere. 

The fuel employed in test kilns is charcoal or illuminating 
gas. When one uses the former, and for a temperature not 
needing to pass 1,000°, one may be content with one of the 
reverberatory furnaces used in chemical laboratories. For higher 
temperatures one must have recourse to the use of a blast (or 
one with bellows). One can, with this object in view, use an ap- 
paratus which is composed of two iron-plate boxes, leaving a space 
between them of 2 to 3 centimetres, into which the air is pumped, 
the pressure of which is shown by a manometer tube. The inner 
box is furnished with fireclay parts, through which are arranged 
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small openings, allowing the passage of the pumped air. The trial 
pieces are put towards the middle of the central space by placing 
them on a fireclay support and protecting them, if necessary, from 
contact with the charcoal by another thin piece of fire-brick. After 
having put some embers at the bottom of the kiln it is completely 
filled with charcoal, and the bellows are started, at first gently, then 
more and more quickly, constantly adding more fuel. 

This kiln is difficult to regulate, and it is scarcely suitable, 
except for trials in terra cotta or fireclay, for the sake of de- 
termining their fusibility. For the trials on vitreous ware 
and of glazes, satisfactory results are only obtained by heating 
with gas, 


Figs. 188 pue 189.—Test Kiln. 


Fig. 137 shows an apparatus designed by M. Perrot (built 
by M. Wiesnegg), which fairly easily gives a temperature of 
1,200°. The gas, the pressure of which is measured by a mano- 
meter, is let in by a lower ring, from which it passes by a 
series of tube spouts placed circularly, by drawing a certain 
quantity of air through which one can regulate the volume 
by means of a disc worked by a crank. The flames which 
spring out at the extremity of the spouts penetrate to the 
centre of the lower part of the kiln, to pass round the crucible 
or the piece to be heated, ear Sas again along the outside 
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walls of the kiln and escape by the chimney. This kiln is 
constructed with six, nine, twelve, and even twenty spouts. 

One really prefers the kiln shown in Figs. 138 and 139, 
built by M. Wiesnegg, which easily allows the temperature for 
burning hard porcelain to be obtained. The gas is led in by 
a series of spouts, B, through a circular pipe, A, while the air 
enters at C into an horizontal plate-iron tube, then vertically, 
and penetrates at D into the kiln. The combustion takes place 
at E, and the flames rise first, to come down afterwards round 
the pieces to be burnt, which are placed upon a little table, F. 
Thence they continue to descend, and the products of com- 
bustion enter the pipe G, where they warm the air, to escape 
afterwards through a chimney. The management of this kiln 
is easily regulated by opening the little plug H, and seeing 
whether air goes in or flames come out. 

Trials as to fusibility are worked with pieces of terra cotta, 
or by making little bricks, or better still, little pyramids. For 
the trials of impervious ware, or of glazes, little plaques are 
used, some millimetres thick and about 15 to 20 centimetres 
square. It is always wise to try on two or three pieces alike, 
because of accidents in firing which it is not always easy to 
avoid. The measuring the temperature is done by means of 
pyrometers, as will be described further on à propos of the 


working of the kilns. 


§ 2. DESCRIPTION OF THE KILNS. 


152. General Remarks on Kilns.—All kilns are for the double 
purpose of producing and utilising heat. The production of 
heat is by means of the firehole, due to the apparatus for 
forming draught. Under the name of firehole one includes 
that part of the arrangements used for introducing the fuel into 
the kiln, to mix it with the air and thus insure its combustion. 
The draught apparatus is for insuring the introduction of the 
air, and for creating in the interior of the kiln the circulation of 
the gases and flames. The utilisation of the heat is done in 
one or more burning spaces, intended for bringing the flames 
or hot gases into contact with the objects, or with the receptacles 
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in which the objects have been placed, and which constitute the 
kiln properly so called. 

To these three essential parts must sometimes be added a 
fourth at discretion, the receiver, which is intended to utilise, in 
an indirect way, a part of the heat which has not been used for 
the direct heating of the ware. 

The particular arrangements, and the mode of construction 
of these different parts of the kilns depend on the fuel used, 
on the temperature to be obtained, and on the special conditions 
of burning of the different ceramic productions. These will be 
examined closely in the chapters set aside for the manufacture 
of them; there will at present be only a description of the 
general arrangements of the kilns—the firehole, draught appara- 
tus, burning spaces, or kilns properly so called, receivers and 
the method of construction. 

The kilns at present used in the ceramic industries are of 
very different types in all ways. This diversity is partly justified 
by the variety of wares and by the differences in the temperatures 
for burning them; but by examining the numerous systems of 
kilns in use from the point of view of production and of the 
rational utilising of heat, it is easy to see that a number of 
them should be absolutely condemned. One is even often 
surprised to meet, by the side of mechanical contrivances which 
are perfect for the preparation and shaping of the bodies, with 
kilns which are absolutely illogical, of uncertain working, of a 
deplorable yield. One may also often see types of kilns which 
are absolutely defective being perpetuated in certain localities, 
or in special branches of the ceramic industry. 

The cause of this peculiarity must be sought in the ancient 
traditions of the potter. Pottery has been for a long time one 
of the rare industries using high temperatures, and the only 
one which has been obliged to utilise them for an operation 
requiring so much exactness and care as the firing of the ware 
needs. The result was that the ancient potters, not being able 
to find either help or advice from outside, have looked upon the 
construction of the kilns as a professional secret, of the same 
standard as the composition of their bodies or their enamels. 

The progress of mechanics has taken them unawares, nor 
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when they have needed to modify their manual tools have they 
turned to the mechanicians. On the contrary, the discoveries of 
chemistry, as those of industrial physics in their application to 
ceramics, have left them too often incredulous or distrustful ; 
they have been obstinate in preserving their processes of empirical 
mixtures and their pretended secrets of firing. 

During this time the science of the production and utilisation 
of heat has made by their side, unknown to them, considerable 
progress. Also potters cannot be too strongly advised to consult 
specialists for the construction of the kilns, in the same way as 
they order their machines from engineers, and to give up secrets 
in firing, which are nearly always merely a name hiding only 
an inveterate routine. 

However, from the numerous types of kilns, which are at 
present too many, several of which ought to be given up, we 
must not, in conclusion, fall into the opposite extreme, that all 
pottery kilns ought to be constructed according to a certain 
number of uniform models. After having chosen a type of kiln, 
we must, on the contrary, study all the arrangements of it, not 
only for the special manufacture that one has in view, but also 
taking account of the nature of the fuel, the variable properties 
of the bodies and glazes, the materials in the construction and 
the general necessities of the manufacture. It is only by satisfy- 
ing in some measure these multiple conditions, even sometimes 
contradictory ones, that one can obtain a kiln which is satis- 
factory for the double requirements of working and economy. 


(a) The Fireplaces. 


153. Fuel.—As in all other industries, the first fuel that was 
used in pottery was wood ; it is only in the course of this century 
that it has been almost entirely replaced by coal. Wood, however, 
is still used because of its low price in certain wooded districts ; 
besides, it has real advantages in firing wares for which the 
expense of fuel is relatively small in regard to their value. For 
local reasons, lignite is also used as well as peat, and occasionally 
vegetable materials, grass, straw, mineral oils and natural gases. 

On account of the distance which there always is between 
the firehole and the goods to be fired, one can only use flaming 
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fuel, the production of flames necessarily being as much more 
intense the greater the distance is. It is only in an exceptional 
case, which will be mentioned further on, and, on the other hand, 
during the commencement of the burning, when it only is needed 
to warm the atmosphere of the kilns so as to evaporate the 
water contained in the ware, that one can make use of poor fuel. 

The same as in all other industries, dry fuels are preferable 
which contain very little cinder, and those are avoided which 
cling together or become exhausted by the action of heat. When 
it is needed to obtain high temperatures, it is no longer possible. 
to use anything but wood of good quality, in the form of logs, 
or fat coal, or open-burning coal, which is fairly pure. By first 
changing the fuel into gas in the gas works, however, relatively 
inferior fuel may be used. 

The burning of glazes especially needs fuels which give off 
very little smoke and contain only a small proportion of sul- 
phurous materials. 

Special works are generally very full of theories on the 
combustion, and of directions as to the composition of the 
calorific power of fuels. One must, however, accept. their 
figures with caution, because they are made out from mediums 
and from specimens chosen with care. It is scarcely interesting, 
from an industrial point of view, to follow them in this direction, 
and we will content ourselves with giving on each kind of fuel 
some practical suggestions. 

Wood.—Wood may be employed in the form of logs, faggots 
or sawdust. We have seen that in high temperatures logs can 
only be used of such regular sizes as are suitable to the fire- 
place. By using special arrangements, we can make use of 
faggots for the baking of ordinary ware, and to obtain a 
moderate temperature. As to sawdust, it can only be used mixed 
with coal, either for direct heating or for gas generators. Up 
to the present, wood gas has not been used for pottery, and 
it seems scarcely probable that it will ever become advantageous. 

From the heating point of view, the hard are distinguished 
from the light woods. The former are oak, beech, elm, ash; 
the latter, birch, fir, pine, larch, poplar, aspen. The hard woods, 
having a weight per cubic foot of 28 to 25 Ib., give more heat, 
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but produce a short flame. The soft woods, the weight of which 
varies from 22 to 19 lb., are less heat-giving, but, on the other 
hand, give off long flames, which are usually better for the 
burning of pottery goods. Yet the softest kinds are unsuitable 
for the production of high temperatures. Besides, certain 
resinous essences are to be feared, as these would produce fumes 
that might alter the glazes. Generally, for burning the bodies, 
fir, pine and larch are preferred, and for burning the glazes, 
birch, sometimes beech or ash. 

Coal.—Coal is classed under five heads, according to the pro- 
portion in it of volatile materials, and the manner in which they 
behave during combustion :— 

1. Anthracite and sandy coals, with a short flame, containing 
from 5 to 11 per cent. of volatile materials, giving a pulverulent 
coke, and weighing from 56 to 53 lb. per cubic foot. These 
coals can only be employed alone in gas generators and for the 
production of medium temperatures. 

2. Open-burning coals, containing from 11 to 13 per cent. 
of volatile materials, giving a compact coke which is fairly hard, 
weighing from 53 to 50 Ib. per cubic foot. They can only be 
used directly in pottery when the combustion is done in the 
midst of the objects to be burnt. In other cases, their use is the 
same as the preceding, although they may be rather preferable 
to them. 

3. Fat coals, called smithy coal or blacksmith’s coal, con- 
taining from 13 to 15 per cent. of volatile materials, giving a 
more or less swelled up coke, weighing from 50 to 46°5 Ib. per 
cubic foot. They can only be used in the form of a mixture 
with close-burning coal (sandy coal) on account of their tendency 
to cake. 

4. Gas coals, containing from 15 to 20 per cent. of volatile 
materials, giving a coke which easily falls in pieces, weighing 
465 to 43:5 Ib. per cubic foot. These coals are specially suit- 
able, when they do not cake, for the heating of kilns needing 
long flames and a high temperature. 

5. Sandy coals, with long flames, containing more than 20 
per cent. of volatile materials, giving a sandy non-caked coke, 
and weighing less than 43:5 lb. per cubic foot. They are used 
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for baking pottery goods, but give lower temperatures than the 
preceding ones. 

In the compositions which have just been mentioned there 
is no account taken of the proportion of clinkers, which is very 
rarely below 5 per cent. and may reach as much as 25 and 30 
per cent.; the medium is from 7 to 15 per cent. The clinkers 
do not only diminish the calorific power of the coal, but they 
also spoil the combustion by filling up the gratings, forming 
iron dross, needing frequent cleanings, which always means 
stopping or slackening the burning, and which even, under 
certain circumstances, may spoil the success of it. 

Generally, it is advisable, for the manufacture of fine ware 
and for obtaining high temperatures, to take the dearer coals, 
and those of the best quality. 

In these cases it would also be better to use gas generators, 
but noticing that even when changing coal into gas, it is 
necessary, for the kilns that require a high temperature, to 
use fuel which contains a sufficiently large proportion of volatile 
materials. 

For the ware of less value, baking at a lower temperature, 
one is often inclined to make use of coals of inferior quality, 
but it is only by industrial trials that one can, in each special 
case, arrive at a solution as to which is really the most 
economical. 

Coke is a very good fuel at the commencement of the 
burning, because of its regular combustion, but it can no 
longer be used when it is necessary to produce flames. At 
most one might sometimes make use of it when mixed with 
fat coal. 

Ingnites of good quality are suitable for firing pottery 


‘ at moderate temperatures; ligneous lignites, the same as peats, 


can scarcely be used except for the manufacture of ordinary 
terra cottas in recuperatory kilns. It is essential that they 
should be as dry as possible. 

Grasses and straw have been used in the absence of other 
fuels for the burning of common bricks. Natural gases have 
been made use of in Pennsylvania, which is the only place where 
they are the object of regular mining. In the same way 
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natural oils have been employed in the United States and in 
the Caucasus; it is not likely that the use of them will extend 
outside the countries where they are produced. Lastly, they 
have sometimes made use of tan, of the hard crust of the olives, 
of camel’s dung, ete. 

The value of a fuel is often considered to be proportional 
to its calorific power, that is to say, to the number of degrees 
of heat given off by the combustion of aJpound. This amount 
it is always interesting to know, but it would not be sufficient 
in industrial practice, because count must also be taken of 
other properties. Really, for a given application, the effective 
value of a fuel can only be determined by an industrial trial, 
in which one must try to suit the fireholes to the new fuel, 
only taking into consideration in a moderate way the advice 
of the firemen, who are always opposed to any modification 
whatever. If one is afraid that the use of an unknown fuel 
will spoil the burning, it is easy to mix it in larger and larger 
quantities with that to which one is accustomed. 

It is useful, however, before every industrial trial, especially 
for coals, to determine the proportion of ash, and of the 
principal volatile materials at a good red heat, which operations 
may easily be done in any kind of crucible, and which it is 
good to renew, from time to time, in the course of a delivery. 

154. Classification of the Fireplaces.—The combustion can 
be done in pottery kilns by means of four arrangements of 
different fireplaces :— 

1. Combustion in the midst of the goods to be burnt, these 
latter filling in part the place of the fire hearths. 

2. Combustion in fireplaces with a grate. 

3. Combustion in furnace fireplaces. . 

4. The changing of fuel into gas in the gas-generating fire- 
places, and the combustion of the gas thus produced in the 
burning place. 

The combustion in the midst of the ware is only used in 
the manufacture of terra cottas, which do not fear the contact 
of ashes, nor of the fuel while alight. This method of heating 
is, in theory, the most economical, because it immediately utilises 
the heat; also, when the circumstances are suitable, it ought to 
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be preferable to all others One can see that, thanks to the 
special process of charging the kilns, one can also make use of 
it for wares that do not fear the contact of the ashes, or the direct 
action of the flames. 

The fuels which can be employed are wood in the form of 
logs or faggots, rather close-burning coal, or open-burning coal, 
lignite and turf. 

Combustion in fireplaces with grates is suitable for burning 
all pottery wares. The fuel is spread on the surface of the grate 
so as to form a uniform layer, letting sufficient air pass to 
insure complete combustion. These fireplaces are very good for 
the production of low or medium temperatures, and especially 
for the first period of the burning called the slow-firing. The 
flame they give is of medium length; one can lengthen it by 
increasing the thickness of the layer, but then there is a risk 
of having incomplete combustion. For high temperatures the 
use of them is inconvenient; they get dirty, are difficult to clean, 
and the grates quickly wear out. 

The latter can be of metal or of fireclay ware. All kinds of 
fuel can be used except those that are in powder. 

The combustion in furnace fireplaces is rather peculiar to 
the pottery industry. The fuel is used in a comparatively thick 
layer, the fireplaces can be with or without a grating; these are 
ordinarily two zones, one in which takes place the distillation 
of the fuel, and the other in which are consumed the embers 
or the coke formed. They usually have several entrances for 
air, which are regulated at will. The flames produced are long, 
the shape of the fireplace can easily be modified, the cleansing 
does not present any particular difficulty. These furnaces are 
very suitable for the production of high temperatures, but the 
slow firing is difficult to regulate in them, and often requires 
Special arrangements. | 

The fuels used are wood in logs and open-burning coal with 
a long flame. 

Gas generators are special fireplaces, independent of the 
furnaces, in which the fuels are changed into gases, which, by 
means of a system of channels, are led into the kilns, where 
they catch fire on coming out of the burners and on contact 
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with the air. The management of the kilns heated thus by gas 
is remarkably easy; it is suitable for all methods of working 
and for all temperatures. It must, however, be noticed that the 
changing into gas involves naturally a loss of heat, which must 
be compensated by other advantages, without which this method 
of heating becomes more troublesome. 

The gas generators used until lately have usually left some- 
thing to be desired from the point of view of regularity and of 
cleansing, the latter being often very difficult. It is to these causes 
that must be attributed certain failures in heating by gas. The 
gas generators with blowers, which are more recent, partly remedy 
these inconveniences, but they have a drawback in being rather 
costly. | | 

The only fuels used are coal, lignite, and sometimes coke. 

The general arrangements of the different types of fireplaces 
having been thus shortly described, we will proceed to study 
with more details the heating by wood and also by coal in 
the fireplaces with gratings, the furnace fireplaces and the gas 
generators. As to the other fuels, with a very restricted and 
very special application, some remarks on the subject of them 
will be found in the second part of this work, à propos of the 
special manufactures in which they have been used. 

155. Heating by Wood.—We have seen that the combustion 
of wood can be done in the midst of the goods when the latter 
are not injured by the contact of the ashes, which are easily 
carried about by the draught. This kind of heating usually 
does not present any other difficulty than that which results 
from the putting of the wood into the kiln, a charging which 
has to be frequently done, and which causes the entrance of 
cold air, thus causing a loss of heat, and often loss in the goods. 
These defects are felt especially when faggots are used. In 
order to remedy this, it is advisable to lengthen outwardly the 
openings for charging in the shape of tunnels (Fig. 140), closed 
by a sheet-iron plate suspended at the upper part, and in these 
is burning a certain quantity of wood which warms the amount. 
of air drawn in by the draught while the charging is taking 
place. This arrangement, which is used especially for faggot fuel, 
is also applicable to the intermittent kilns just as well as to the 
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continuous kilns. When the wood is in the form of logs, it can 
be introduced into the latter kilns by openings arranged in the 
dome, as we shall see further on, à propos of heating by coal. 
Blocks of wood can just as well be burnt in the fireplaces 
with gratings; the latter may be of metal, but it is preferable, 
on account of the heat to which they are exposed, to make 
them of fireclay materials. Fig. 141 shows an arrangement of 


Fic. 140.—Heating by Wood. 


this kind. In the same way as in the preceding, it is wise to 
prolong the hearth beyond the front of the kiln. The wood is 
put in by an upper passage, the dome of which, pierced with 
one opening, is placed immediately underneath the kiln and 
carries the objects to be burnt. The air enters by a lower 
passage which forms an ashpit and leads into the upper 


Fra. 141,—Heating by Wood. 


passage by the openings which are arranged regularly in the 
dome of it, not opposite those of the first one. A part of the 
embers fall into this ashpit and are consumed there while heat- 
ing the air. This arrangement is specially applicable to kilns 
with an upward draught; it can easily be modified according 
to necessity. 

For the production of high temperatures fireholes are used, to 
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which very many different shapes are given. The type represented 
in Fig. 142 gives good results, provided logs of the same length 
are used. These are put in in a heap through the upper 
opening of the fireplace and rest on two brickwork projections. 
The combustion takes place by the air passing between the 
logs, and the flames follow the direction shown by the arrows. 
The embers which fall to the bottom of the fireplace help the 
burning, thanks to the introduction of air through the door 
of the ashpit An opening arranged in the wall of the front 
of the fireplace allows, if necessary, of the entrance of some 
extra air. This type of fireplace is joined side by side with 
the kilns, it gives very long flames and is suitable for all kinds 
of work. For slow firing the logs must be replaced by faggots, 
or even the upper opening may be closed with a damper, 
making a moderate heat only through the ashpit. 


Fia. 142.—Wood Fireplace. 


156. Heating by Coal with Fireplaces Formed of the Ware.— 
‘Ordinary bricks can be burned by alternating a layer of bricks 
and one of fuel, as is done for lime burning or for cement, and 
also in blast furnaces, This method, which is specially used in 
Flanders, will be described, on account of its very special 
characteristics, in the paragraph devoted to the manufacture of 
bricks (art. 206). The contact of the fuel with the ware, and 
the necessity of preventing the formation of cakes of coke, make 
it preferable in this case, and as a solitary exception, to use 
rather sandy coal. 

In certain kilns with an horizontal draught the fuel can be 
equally well cast directly on to the ware, these, which consist 
only of solid or hollow bricks, having been placed in the bottom 
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in such a way as to form a species of firehole with steps. The 
two arrangements generally used are shown in Fig. 143. 

In A these fireholes are a kind of well, in which, at. 
intervals, are found bricks as projections, which keep back 
part of the fuel thrown in at the upper opening, this being 
provided with a tube and a cover. 

In B the charging is arranged in such a way as to leave 
a bay, in which the bricks are put, making regular projections, 
and cross the empty space, forming stages of steps. The fuel, 
somewhat small, which is kept up by each of these stages, burns 
there in the current of warm air, which horizontally crosses 
the kiln. The charging ought to be done in small quantities, 
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frequently, and at regular intervals. The separation between 
the two openings for charging varies from 27°56 in. to 59-05 in. 
As the ashes cannot soil any of the objects except those forming 
the well or the bays, the more delicate wares, such as tiles, 
paving tiles, ete, can be put between them. 

The firing is done with rather small open-burning coal. As 
has already been said, wood fuel can just as well be used, but 
in that case the bricks that project are done away with. 

157. Heating by Coal with Fireplaces with Gratings.—The 
fireplaces with gratings for heating by coal can either be placed 
below or by the side of the kiln. In the first case they are 
narrow, but very long. Fig. 144 shows an arrangement of this 
kind, in which the grate is placed on a level with the lower 
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bed of the kiln. The fireplace could equally well be covered 
with a dome, perforated, as shown in Fig. 141. The charging 
of the fuel is done by a door placed at one end. In certain 
kilns this door is left out, and the coal is thrown on to the 
grate by one or more openings arranged in the top of the kiln, 
somewhat similar to those shown in Fig. 143, the air always 
being brought in through the ashpit. 

When, on the contrary, the fires are by the side, they take 
the square form. It is then generally preferable to make the 
grate inclined, so as to be able to push the coke more easily 
towards the back and to put the fresh fuel near the charging 
door, as is shown in Fig. 145. 


Fic. 144.—Fireplace with a Grate. 


The gratings are always metal, the size of them when empty 
depends on the nature of the fuel. Formerly one used square 
or rectangular iron grids, instead of separate cast-iron bars. 
Now, one prefers to join several bars into the same piece of 
cast-iron, so as to be able to have them thinner and thus 
better to divide the entrance of the air. At the same time 
they are made higher. The immerged grates by M. Michel 
Perret are seldom used in pottery, where, except for gas gene- 
rators, the putting of water in the ashpit is usually avoided. 
It is the same with the grates to which one gives an oscillating 
movement, so as to shake off the dross, because, the heating 
being intermittent, it is usually possible, with good fuel, to 
prevent the blocking up of the grate during the burning. 
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However, the grate shown in Fig. 146 (Wagner) might, for 
certain of the more difficult kinds of fuel, give excellent 
results. The fronts of the fireplaces ought to be very solidly 


Fia. 145.—Fireplace with a Grate. 


built, otherwise it is better to leave them out altogether, and 
to replace them by plates of sheet-iron simply put against the 
doors for charging and of the ashpit. 

158. Heating by Coal with Furnace Fireplaces.—The first 


Fic, 146.—Fireplace with a Grate. 


furnace fireplaces were taken from the fireplaces with grates, 
in which, by means of an upper opening for charging, one 
could introduce a thicker layer of fuel. Fig. 147 shows an 
arrangement of this kind. The door at the side on the 
level of the grate is only used for cleansing purposes, the ash- 
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pit is more or less closed by means of a sheet of iron, and, 
lastly, an opening placed between the opening for charging 
and the door for cleansing allows of an extra supply of air. This 
furnace is very suitable for slow fring, but, in working the 
full firing, the fresh fuel falling on the burning coke causes 
irregularities in the action. 

The firehole shown in Fig. 148 is for continuous charging, 
The fresh fuel distils in the upper part, while the coke is burnt 


Fios. 147 and 148.—Furnace Fireplaces. 


by the air coming in through the opening for cleansing and 
through the grating. The flames go out of the fireplace by two 
openings, one vertical, the other horizontal, but this arrange- 
ment is a detail, and only one exit, as in the preceding example, 
would be sufficient. 

In the new kilns, one gets further and further away from 
the form of the grating fireplaces, to approach that of the 
gas generators. Fig. 149 shows a firehole set up from this idea. 
The grating, very much sloped, is suspended at its upper part, 
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and leaves at its lower end, between it and the brickwork, a 
space through which the ashes and rubbish accumulate in the 
ashpit, from which it is easy to take them out. As in the 
preceding case, the fuel distils in the upper part, and the coke 
formed burns in contact with the air which comes through 
the grate. There is an extra supply coming in on each side, 
the air having been first warmed by circulating through channels 
placed in the side walls of the furnace. The charging opening 
is usually shut, the fuel contained in the sloping channel of 
brickwork serving for feeding it during the interval between 
two charges. The cleansing is very easily done, almost auto- 
matically, by the descending of the fuel; besides, for this 


Fic. 149.—Kiln Fireplace. 


purpose a rake can be passed between the bars. This furnace 
gives very good results for the full firing, and allows of fuel 
being used which makes a good deal of rubbish, but does not 
lend itself to a progressive carrying out of a slow firing. 

To remedy this inconvenience, it has been sought to reduce 
the section of the grate during the first portion of the burning. 
Among the various solutions which have been proposed, it is 
only necessary to mention one, which consists in putting on 
the sloping grate a fireclay diaphragm, which is pushed to the 
end while the slow firing is going on, and which is drawn 
gradually off when it is desired to increase the intensity of the 
firing, 22 
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The furnace shown in Fig. 150 (E. Bourry), also seems to 
solve this question, although theoretically in a less complete 
manner. The grate is formed in one part vertical and in one 
part sloping. During the slow firing the former is closed by 
means of fire-brick dampers, and the fuel forms a reduced layer, 
A. Afterwards the openings of the vertical grate are opened 
in succession, to lead to the full firing with a thick layer, B, 
and a large amount of air. As in the preceding furnaces, 


Fig. 150.—Kiln Fireplace. 


there is a supplementary channel of warm air, but this gets 
in through a series of vertical openings placed in the hearth. 
The air is thus introduced parallel with the flames, and only 
causes their combustion in the interior of the kiln. 

159, Heating by Gas.—Heating by gas necessitates the use 
of one or more gas generators with a system of channels con- 
necting them with the kiln, and of burners placed in the kiln 
which consume the mixture of gas and air. 
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The principal object of the generators is to change the 
carbon of the coal into a combustible gas. In fact, 2:2 lb. of 
carbon combines with 2°937 lb. of oxygen to make 5142 Ib. 
of carbonic oxide. This gas, in turn, burns by being changed 
into carbonic acid and producing, theoretically, 1,090 units of 
heat per lb., that is 5,600 units for the 5142 lb. As, on the 
other hand, 22 lb. of pure carbon produces 8,080 units of 
heat, the loss due to being turned into gas would be 3,480 units, 
or 43 per cent. 

This loss can, theoretically, be quite got rid of by using these 
3,480 units of heat to decompose the water vapour, the oxygen 
of which would unite with the carbon to form carbonic oxide, 
and the hydrogen from the water would mix with the com- 
bustible gases to produce, by its final combustion, a quantity 
of heat exactly equal to that employed to decompose the water. 
These two methods of producing gas can be represented by the 
following equations :— 

2°204 lb. carbon + 12°776 Ib. air = 5°142 1b. carbonic oxide + 9-849 Ib. nitrogen. 
2°204 lb. carbon + 5:081 Ib. air + 2-033 lb. water = 5°142 lb. carbonic oxide + 3:974 
Ib. nitrogen + 0:222 Ib. hydrogen. 

In this last case, the combustion of 5142 lb. of carbonic 
oxide and of 0‘222 lb. of hydrogen, of which the calorific power 
is 34,462 units, gives exactly the 8,080 units of the carbon; the 
loss then is nil. One sees also that in the first case the weight 
of the gas products is 14-980 lb., while it is only 9:239 Ib. in 
the second. 

These theoretical considerations are modified in practice ; on 
the one hand, because of the hydrocarbons and the gases that all 
the fuels contain, and, on the other hand, because the water 
vapour is only decomposed at a high temperature that cannot 
be maintained in the gas generator, except at the cost of a 
considerable amount of fuel. The result is that, practically, 
the loss in the case of the use of air only is reduced to 30 or 
35 per cent., and that it is lowered to scarcely above 15 per 
cent. by the use of air and water. It is unnecessary to add 
that, if the working of the gas generator is bad, if the combus- 
tion in it is too complete, it can no longer produce gas fuel, 
and the loss then is a total one. 
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This remark is sufficient to show that the value of heating 
by gas entirely depends on the working of the generator. If 
that is well constructed and well managed the inevitable loss 
in the gas production will searcely exceed that which takes 
‘place in the fireplaces with grating or in furnaces. If the 
apparatus is bad and badly managed, then that system of heating 
is the most deplorable that can be imagined. 

The great difficulty in gas production consists in the forma- 
tion of clinker and rubbish. These are very troublesome to get 
away, and this operation often causes a considerable loss of 
fuel, and leads to grave disarrangements in the working. To 
this first inconvenience must be added another which is peculiar 
to fat coal, that is its tendency to cake and form a compact 
mass, which may completely stop the passage of the gas. 

These inconveniences disappear very largely when one uses 
as fuel coke, anthracite or very sandy coal; but these fuels, 
which may be very good to use in other industries, usually in 
pottery give off gases which have too short a flame and often 
too little heat power. One is nearly always obliged to use open- 
burning coal in order to obtain good results. 

At present gas generators are used with a natural draught, 
and generators with a blower. The exhaust generators which 
are obliged to cool and purify the gases before allowing them 
to pass into the exhaustion apparatus, are of no use in pottery. 

In generators with natural draught, the drawing in of the 
air is made, on the one hand, by the draught of the chimney, 
and, on the other, by placing the generators sufficiently below 
the level of the burners to profit by the ascending force of the 
warm current of gas. The systems of generators of this kind 
are very numerous, but they have for the most part only 
restricted and ephemeral application, A study of their arrange- 
ments would only show a moderate practical interest, and would 
be out of the scope of this work. We will content ourselves 
then with mentioning two arrangements, applicable, one for 
coke, anthracite and very sandy coal, the other for open-burning 
coal which is recommended for its relative facility of working. 

In the gas generator shown in Fig. 151 the fuel is put in 
by en upper opening, and fills a space of square or rectangular 
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section. It rests at the lower part on a grating in steps, and 
on an ordinary grate slightly inclined. A side opening allows 
of the escape of the gases, a pipe pierced with little holes takes 
in constantly some water which trickles into the ashpit. The 
latter is shut by a door which has an opening that can be 
regulated at will, allowing of the introduction of air. In order 
to manage the cleansing, a movable grate is put in with round 
and pointed bars, which takes the position shown by the dotted 
line, resting on the last step of the grating in stages, and 
on à projection in the masonry. This gyrate being put in posi- 


Fic. 151.—Gas Generator for Sandy Fuel. 


tion, the fixed grate is raised, and the rubbish and clinker 
are drawn out, falling into the ashpit; then the fixed grating 
is replaced, and the movable grating taken out. This is done 
at regular intervals, every four to twelve hours. The fuel filling 
the upper pyramidal part serves to feed the generator during 
the interval between two charges. 

For fat and caking fuels this arrangement would not be 
suitable; that shown in Fig. 152 must be used. A hopper with 
double closing, arranged to prevent the gas escaping, is used for 
charging. The fuel falls on an inclined plane, where it distils; 
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then passes on to a grating which is very sloping, where the carbon 
is changed into carbonic oxide. ‘The ashes as well as the 
rubbish, which can be fairly easily got out by means of a fire- 
hook passed between the bars, descend into the ashpit by a 
space which is left between the lower end of the grate and the 
masonry. An upper opening, closed with a ball, allows of poking 

"the fuel and of separating the pieces which have caked together. 
Lastly, an arrangement similar to that in the preceding figure 
serves for feeding with the water from the ashpit. Usually these 
gas generators are made without doors. 


Fic. 152.—Gas Generator for Fat Fuel. 


In the blast gas generators the air is introduced by pressure, 
either by means of a fan, or by an injector. They have the 
advantage over the preceding of allowing the pressure to be 
regulated at will, and also the production of gas, independently 
of the draught from the chimney, which is often of very great 
value for the good working of the kiln. 

The blast, by means of a fan, exerts a certain moving power, 
which necessitates for nearly all ceramic purposes the employ- 
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ment of a special engine. On the contrary, the injector with 
a current of steam only needs a small auxiliary boiler, which 
is easily worked by the fireman of the generator. This latter 
solution then is simpler, less costly, and has besides the advantage 
of furnishing the gas generator with the steam, which, as we 
have seen before, is necessary for its economical working, the 
simple evaporation of the water from the ashpit being insuffi» 
cient in all cases. 

The blast can be adapted to the two types of generators 
already shown, provided that the door of the ashpit can be 


Fic. 158.—Blast Gas Generator. 


hermetically closed. It is, however, preferable to make them 
of a cylindrical shape, and to place them on the level of the 
ground. For coke, anthracite, or pure sandy coal, the arrange- 
ment shown in Fig. 153 (Dowson) can be used. The fuel, 
which is introduced through an upper hopper with double doors, 
rests on an horizontal grate, under which is injected a current 
of air and steam. The gas produced passes out through a pipe 
placed at the upper end. The cleaning out takes place every 
twelve hours by one or two lower doors. This type of gas 
generator is particularly suitable to the production of poor gas, 
which, used for the production of motor-power, makes such a 
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noticeable competition with steam engines. It seems to have much 
-:legs prospect in pottery, because of its exclusive use of sandy fuel. 
The gas generator shown in Fig. 154 (Taylor) allows of the 
use of fatter fuel. With a working similar to the preceding, 
it differs from it by its automatic cleansing, which is done by 
making the lower cast-ironi plate, on which the cinders and 
rubbish collect, turn over by means of a crank, The ashes, etc., 
are cooled and broken up by the current of air and steam which 
escapes from the central pipe. The rest of their breaking up 
is managed by means of the hooks that are pushed into the 
cone and their slipping at the moment when the plate turns 


Fig, 154.—Blast Gas Generator. 


over, thus effecting it without stopping the working of the 
apparatus. 

The gas used in the pottery kilns does not need to be purified 
or stored in gasometers. The system of channels which joins 
the gas generators to the kilns is therefore very simple. Some- 
times it is subterranean with brickwork conduits, sometimes in 
the open air with metallic pipes, which it is wise to line inside 
with fire-brick masonry. In all cases it ought to be air-tight 
and fairly non-conductive to prevent the cooling of the gas. 
When the gas generators are working slowly and use fat fuels, 
coal tar is deposited in them, which is got rid of from time to 
time by putting fire in them. 
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The firing of the gas m the kilns takes place at its exit from 
the burners, which are made of fire-brick, for the purpose of 
dividing the gas up so as to insure it mixing with the air. The 
more intimate this mixture is, the shorter are the flames, and 
the higher the local heat. If one wishes, therefore, to have very 
long flames, a very perfect’ mixture must be avoided, without, 
however, falling into the opposite extreme. The arrangements 
adopted for the burners depend upon the style of the kiln; 
further on we shall find some examples of them. 

The air thus introduced into the kiln is called secondary 
air, in opposition to the name of primary air which is given 
to that which, in the gas generators, helps in producing the gas. 


(b) The Draught. 


160. Chimneys.—The draught may be natural or forced. 
In the first case it is the result of the difference in weight 
between warm gases and cold gases. The weight of one cubic 
metre of gas at temperature ¢ is equal to its weight at 0°C. 
divided by 1+ at, a being the co-efficient of expansion of 
gases equal to 0‘00366. There is no occasion in this connection 
to take account of the differences of pressure which are always 
negligeable in kilns, and one reckons a uniform pressure of 
760 millimetres of mercury. If, then, we consider a chimney 10 
‘metres high having a section of 1 metre square, and containing, 
for example, air at 200° C., we see that the weight of a cubic 
metre of air at 0° C. being 1:3 kilogramme, the weight of this 
column of air of 10 metres will be 


1°8 


—_  " x 10 = 75 kg. 
T+ 1000866 x 200) * 10 = 78 ke 


On the other hand, the weight of a similar column of air at 


0° C. would be 13 kilogrammes. If we think of an opening 1 metre 


square at the base of the chimney, we shall see that the layer 
of air which is there supports on the outer side a weight equal 
to the pressure of the atmosphere, measured at the upper part 
-of the chimney, plus 13 kilogrammes, while on the inner side it 
only supports a weight equal to the same pressure, plus 7'5 
kilogrammes. There is then a difference in weight of 5°5 kilo- 
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grammes, or of 0‘55 grammes per square centimetre, which obliges 
this layer of air to be displaced and to rise in the chimney. 

Indicating in a general way by H the height of a chimney 
containing a gas at temperature ¢, of weight d per cubic foot 
at 0° C., while the atmospheric air of a weight & is at a tem- 
perature 6, the difference in weight at the base of the chimney 
of section S will be given by the formula 


HS _ HSé 
1+a@ 1+ af 





or 
8  d 
(sa 1 + i)" 
If e represents the height of a column of water having for its. 
base the section of the chimney which balances this difference 


in weight, the depression caused by this chimney, measured in 
a column of water, is 


ter ita) 

e being expressed in millimetres of water. 

In the case with which we are now occupied, the weight. 
d of the gases passing out by the chimney is higher than that 
ô=13 kilogramme of the air, in consequence of the presence of 
a certain quantity of carbonic acid; from this fact it can at 
most amount to 1°41 kilogramme. 

On the other hand, the steam has a tendency to diminish it, 
and the result is that one can on an average call d = 1:35. 

The difference between 6 and d is so small that one can 
make 6=d, and that, consequently, the depression caused by a 
chimney is equal to 


_ 1-0 
c= Hed 4 af) ra 
One sees that it is proportional to the height H, but also to the. 
difference of temperature t—@. If, in fact, one admits that @=O, 


the expression er gives for ¢=100, 500 and 1000° C. the. 


1 
following values: 0‘73—176 and 2:29, that is to say, pro- 
portional to 1—2°41 and 3:19, or approximately, to the square 
root of the temperature. 

This draught (e) ought to be sufficient to overcome all 
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obstacles (r) which this gaseous current encounters in its passage 
across the kiln, and to give it, besides, a speed in the chimney 
great enough not to be too much affected at its exit by the 
wind. The ascending motion then is produced in ratio to 
the depression ¢e-—r. The corresponding speed is given by the 
formula 


v=a /(e-*) (+ af). 29, 


It must not be below 1:5 or 2 metres. Knowing t and 7, one 
can deduce from them the height H of the chimney. 

The resistance (r) made by the furnace to the gaseous 
current, measured in millimetres of water, can only be valued 
by experience in existing kilns, so that generally in practice 
the determining the height of the chimneys is settled by com- 
parison with other installations. As to the section S of the 
chimney, one can easily find it by determining the volume V 
of gas necessary for combustion and dividing it by the speed v. 

If one admits that r=ae, that is to say that the loss in 
the charge which is due to the resistance of the kiln is a 
simple action from the draught of the chimney, the value of 
the speed v becomes 


va a/mel- a Ose, 


or, replacing e by its value, 
v= 4 / He - a) 0-9 F-3t-9, 


from which one deduces for the volume of gas delivered by 
the chimney 
; V=8 2gHa (1 — a) (t - 6). 
Vee 


From the preceding formule one can deduce :— 

1. That the draught produced by a chimney is proportionate 
to its height and about to the square root of the difference 
between the interior and exterior temperature. 

2. That the volume of gas delivered by a chimney is pro- 
portionate to the section and to the square root of its height 
and of the difference in the temperatures. 

3. That if, in the preceding formulæ, one admits H=1 metre, 
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0-0, S=1 square metre, one finds the following quantities 
represent the depression, the volume, and the weight of air 
delivered in a second, by a chimney 1 metre high and 1 square 
metre in section for the increasing temperature ¢ :— 


BEeES 


D -3 N 
wm © 
to Or 


0: 
1 
2 
8 
8 
4 
4 
5: 
5: 
6 
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HEETE 





We see that the weight P= +s of the air delivered from a 


chimney, increases when the temperature of the chimney passes 
from 0 to 300° C., till it attains a maximum, and afterwards 
decreases again. 

Practically, we also see that after t = 150° C. it scarcely varies 
any more, and that there is no need, in order to increase the 
weight of air delivered, to pass that temperature. On the other 
hand, it also must not fall below 50° C., which would need 
large chimneys, working badly, because they would be too 
dependent on the atmospheric variations, and the cooling of the 
gases being too great might lead to the condensation of the 
steam which they contain. A temperature slightly above 100° C. 
is that which, from all points, is the one to be preferred. 

Instead of chimneys, mechanical engines can be used, and 
thus a forced draught be obtained. Fans have been used for 
this purpose and injectors of steam. These apparatus are not 
to be recommended except when great draughts are necessary, 
which is never the case in the ceramic industries. Besides, the 
presence of sulphurous gas and water vapour causes the forma- | 
tion of sulphuric acid, which at a sufficiently high temperature 
rapidly spoils the draught fans. As to fan blowers, their use 
is generally difficult, if not quite impossible. 
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161. The Draught in the Kilns.—What has just been said on 
the subject of chimneys is equally applicable to kilns, which, by 
their vertical position, are themselves chimneys. The height H 
is the difference in level that there is between the openings for 
the entrance of the air and the escape of the gases. Often 
certain parts of the kilns have a tendency to increase or 
diminish the draught. If, for example, one considers a kiln 





Fig. 155. 

the circulation in which is represented by the scheme in Fig. 
155, the depression will be shown by the difference 

H.5 h'd h''d hd 

T+ ad ( l+aÿ 1+ at” ira”) 
the ascending parts increasing the depression and the descending 
ones diminishing it. 

In particular, if the arrangement of Fig. 156 is examined, 





Fia. 156. Fra. 157. 


‘in which the circulation is formed by an ascending current 
of temperature T and by a descending of temperature T’, we 
see that in a section MN the difference of pressure is 

_hd __ M 

1+aT 1+aT 


If T is greater than T’, the motion of the gases is produced 
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in the direction indicated by the arrows going from the current 
T to the current T’. 

In the contrary arrangement (Fig. 157) the same reasoning 
shows that the circulation is produced in the reverse manner, 
going from T' to T. 

This double observation can be shown in another way by 
saying that the draught is increased when one raises the 
temperature of the ascending gases and that of the descending 
gases is lowered, and that it is diminished, on the contrary, when 
the case is reversed. We see also that it is not necessary that 
there should be a difference in the level between the entrance 
for the air and the escape for the gases in order to set up a 
gaseous circulation in a kiln. 

In the burning space the movement of the flames and the 
gases may be ascending, descending or horizontal. When this 
circulation is ascending, it is necessary, in order that it may 
be regular, that the temperature should be absolutely uniform 
on each horizontal plane. If in any one place the temperature 
is raised, it has a tendency there to make a quicker circulation, 
and in consequence to attract the flames there, so that the defect 
is more and more aggravated. There are then formed, in the 
middle of the ware in the kiln, vertical currents that are very 
great and very hot, called in practice by the name of chimneys, 
which afterwards it is often very difficult to stop, and which 
may endanger the success of a firing. 

It is not the same when the circulation is descending. If 
then at one point there is a rise in temperature, the draught 
becomes less; the flames are carried there less, until the even- 
ness of the temperature, which was interrupted for a moment, 
is re-established. Thus the descending circulation has a tendency 
to make the temperature uniform, which may have been rendered 
unequal by a fault in working, while, on the contrary, an 
ascending circulation has a tendency to aggravate this initial 
fault. 

When the burning space is crossed by an horizontal current, 
if this is hotter than the ware which is firing, it has a tendency 
to rise and follow the dome; if, on the contrary, it is colder, 
it descends and circulates along the lower part. The errors in 
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temperature then are likely to be agyravated. This tendency 
can be met by increasing the obstacles to the current in the 
upper part and diminishing them in the bottom. A judicious 
charging usually attains this end. 

162. Regulation of the Draught.— The regulation of the 
draught in the kilns is for the purpose of varying, on one 
hand, the speed of the current, and, on the other, the weight 
of the circulating gases. 

The regulation of the speed is necessary: (1) so as to have 
a good combustion in the furnace, because it ought to be be- 
tween certain limits, which vary with the dimensions of the 
fuel and the thickness of the layer; (2) so as to make good 
use of it, as the gaseous current ought to circulate slowly enough 
among the ware to give it time to transmit its heat to them. 

For regulating the weight of the gases, on the contrary, it 
depends on the quantity of fuel consumed, and consequently 
on the intensity of the fire. 

This double regulation is caused by giving, while constructing 
the kilns, special narrow sections to certain parts of them, and 
by putting in others openings of various sizes. At certain 
places also air can be made to enter. The openings of a certain 
size are usually placed between the fireplace and the burning 
space, and between the latter and the chimney. The regulating 
openings are at the entrances for air and at the exits for the gas. 
For this purpose clack-valves with hinges, dampers and valves 
are used. 

The clack-valves are only placed at the top of the chimneys; 
they are worked from below by a chain and a balance weight. 
They have scarcely any other use than to completely close the 
opening when the working of the kiln is needed to be stopped, 
because they are not suitable for an exact regulation of the 
draught. 

When the dampers are vertical, they are hung by a chain 
which passes over a roller and balanced by a balance weight. 
The working of them is very easy; on the other hand, they 
do not close hermetically. In order to obtain the latter, 
horizontal or sloping dampers must be used, which slip on 
their seat, and are kept in place by their weight. The dampers 
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may be either cast-iron or fire-brick, according to the heat to 
which they are to be subjected, whether it is higher or lower. 

Valves are usually round covers that are raised more or 
less. Very often, so as to get a more exact regulation, they 
are given a conical form. In order to allow of their closing 
hermetically, they can be ground on the surface which comes 
in contact with the seat, or even their edges can be dipped 
into a sand bath that is deep enough. The working of them 
is done by a screw or by a differential tackle. The valves are 
scarcely ever made except of cast iron; although they form 
very good regulators for moderate temperatures, they cannot 
be used when exposed to a great heat. 

It is easy to understand that all these apparatus, by 
varying the opening for the passage of the air, increase or 
diminish to about the same proportion the volume of gas 
which circulates in the kiln, but they do not act in the same 
way on the depression. If, in fact, the working of a periodical 
kiln, the temperature of which rises evenly, is studied, we 
have seen that after the time when the gases that pass into 
the chimney have reached a temperature of 150° C. the volume 
that is given out becomes almost constant, but that the de- 
pression keeps on increasing. If one wants to reduce it so as 
to keep a regular working of the fire, one is often obliged to 
lessen the aperture of the apparatus for regulating it, in such 
a proportion that the weight of gas given off becomes in- 
sufficient. Then a special opening by the side of the damper 
must be opened, to allow a certain quantity of air to come in 
from outside, which, it is true, diminishes to a certain pro- 
portion the weight of the gases given out, but which acts in 
a much more efficient way on the depression. This inrush of 
cold air has besides the advantage of cooling the damper as 
well as the chimney, and consequently of preserving them from 
the action of too great a heat. 

These general observations on the draught will be found 
completed by a description of the construction and working 
of the different systems of kilns. 
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(c) Kalns. 


163. Classification of Kilns.—The heat is made use of in 


one or more baking spaces (chambers), which constitute the 


kiln properly so called, in a more restricted acceptation of the 
word. The arrangement of these spaces is a characteristic of 
the kiln and acts as a basis for classifying them. 

In most pottery kilns the heat is used direct, that is to 
say that the ware or the receptacles which contain it are 
directly exposed to the action of the flames and of the hot 
gases. In other kilns, called muffle kilns, the action is indirect, 
the flames heating the outside walls of the baking chambers 
without going inside them. The kilns of the first class are 
used for the burning of goods which are spoiled by contact 
with the flames, and for those which, although needing to be 
protected by special receptacles, called by the name of saggers, 
yet require to be burnt at a high temperature. The kilns of 
the second class are only used for delicate ware, which only 
requires a moderate temperature for burning. 

For these two classes of kilns the burning may be inter- 
mittent or continuous. In the first case there is usually only 
one single burning chamber, while, in the second case, either 
the single chamber forms a continuous current, or a series of 
chambers, also forming a circuit, are joined to one another. 

The classification then includes four sub-classes that can 
be re-divided at pleasure into several kinds, according to the 
direction of the flames and gases in the burning spaces. Thus 
a very methodical and fairly rational classification would be 
obtained. Yet for industrial purposes, which are the object 
of this work, it seems to us to be preferable to content ourselves 
with classifying them in seven divisions :— 

1. Intermittent kilns with up draught. 

2. Intermittent kilns with down draught. 

3. Horizontal intermittent kilns with one firehole. 

4. Continuous kilns with one burning space. 

5. Continuous kilns with several burning spaces. 

6. Horizontal intermittent kilns with several fireholes. 

7 


. Muffie kilns, 
23 
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164, Intermittent Kilns with Up Draught.—At the com- 
mencement of potting, the goods were simply placed to be 
burnt in the middle of a brazier of wood, which method has 
made it possible to manufacture those large jars that were 
mentioned in Art. 10, which it was impossible to move in an 
unburnt state, and which it was necessary to bake at the 
place where they were moulded. Even now a similar method 
is still employed in burning ordinary bricks in clamps, which 
consists of piling up the goods, putting alternately a layer of 
bricks and a layer of sandy coal. This particular method of 
burning will be described in the chapter devoted to the 
manufacture of bricks. 


Fic. 158.—Square Kiln with Up Draught. 


‘The first improvement in the kiln consisted in surrounding 
it with brickwork, the hollow interior of which formed the 
burning space; next, the fireplace was isolated, being placed 
under the chamber; and, lastly, the latter has been vaulted, and 
in this vault have been arranged several openings forming 
chimneys. Thus the kiln shown in Fig. 158 was obtained; 
for a long time this was the type of pottery kilns. Its use 
can still be of service in new countries, where intelligent work- 
men cannot be obtained, where fuel is cheap and the manu- 
facture limited. In the drawing, fireplaces suitable for heating 
with coal have been put, but just as easily fireplaces for 
heating with wood could be adapted to it (Figs 140 and 141). 
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Fra, 159.—Round Kiln with Up Draught. 
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Two side doors, placed over one another, which are walled up 
during the burning, are used for charging and emptying. The 
openings for exit of smoke, made in the dome, are covered 
over with terra cotta slabs, which help to regulate the draught. 
Lastly, it is wise to strengthen the kiln by means of vertical 
supports of wood or iron, fixed at their base in the ground, 
and joined in the upper part by iron bands passing over the 
dome. As to the shape of the burning chamber, it may be, 
according to circumstances, square or rectangular. 

The second type of intermittent kiln with ascending flames, 
shown in Fig. 159, was invented by Parent in 1769. 

The burning chamber is of a round shape, which lends 
itself better to the equal distribution of the heat. The heating 
is done by several lateral fireplaces, spaced regularly on the 
perimeter of the kiln, the flames penetrating to the burning 
chamber through lateral openings and through the openings 
in the lower hearth. The draught is caused by openings 
arranged in the dome, and the feeding is done by one or 
two doors, the thresholds of which are on a level with the 
hearth. Lastly, circular iron bands help to strengthen the kiln, 
principally put above the fireholes, and on a level with the 
springing of the dome. | 

This type of kiln is mentioned because it is still frequently 
used, and because the invention of it was at the time a very 
great improvement, marking one of the principal stages in the 
history of pottery burning. 

Setting aside the clamp kiln, which is quite a special kind, 
and apart from the cases mentioned for square and rectangular 
kilns, intermittent kilns with up draught ought to be in a 
general way absolutely condemned. They have the double de- 
fect of giving a wasteful use and an unequal distribution of heat. 
In this same class ought to be put square open kilns, round 
kilns with an upper storey and up draught, as well as other 
different arrangements which only deserve to be forgotten. 

165. Intermittent Kilns with Down Draught.—The list of 
intermittent kilns with down draught is represented by four 
types :— 
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The rectangular kiln. 

The round kiln. 

The round kiln with an upper dome. 
The round kiln with a lower dome. 


Fic. 160.—Rectangular Kiln with Down Draught. 


In all these kilns the heating is done by side fireholes, for 
which, in certain cases, gas burners can be substituted. 

The rectangular kiln, shown in Fig. 160, can be built with 
a single independent chimney, or with a series of chimneys in 
the thickness of the side walls. The right part of the figure 
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shows the first arrangement, and the left part the second one. 
The burning chamber, of rectangular form, surmounted by a 
dome, can be extended in length, so as to get the size 
wished for. But for a great length the arrangement of separate 
chimneys is preferable, the draught not being so easy to regulate 
uniformly with a single chimney. A door at each end is used 
for charging. The kiln ought to be strengthened solidly by 
girders put on each side of the fireholes, and joined together by 
tie-rods above. 

This kiln is used for the burning of bricks and of terra cotta 
for buildings, the charging of which is difficult to do in round 
burning chambers. Yet the employment of it ought to be 
strictly limited to goods which, for reasons that will be explained 
in Chapter IX., cannot be burnt in kilns with continuous 
firing. 

The round kiln (Fig. 161) is built of very different dimensions, 
according to the kind of objects to be burnt and to the tempera- 
ture to be obtained. The fireplaces, which number two to twelve, 
are spaced regularly on the circumference. When the diameter 
of the kiln is large enough, they are united together by 
conduits placed underneath the floor, which join in one central 
entrance for the flames, as is shown in the figure. When, on 
the contrary, the diameter is small, the peripheric entrances 
for the flames have to suffice. In any case, the exit for the 
gases is made in the floor, by orifices, the arrangement, number, 
and dimensions of which depend on the kind of goods to be 
burnt and the method of charging them. All the openings lead 
into a central space, which, by an underground passage, com- 
municates with an outside chimney that usually is one in 
common for several kilns. An upper opening is used for 
hastening the cooling when the burning is finished; one or more 
doors, on the level of the ground, allow it to be looked after. 

This kiln is specially used for burning faience and stoneware ; 
the working of it, although slightly better than that of round 
kilns with up draught, is, however, only medium, but with a 
suitable manner of charging the distribution of the heat is satis- 
factory. | 

The round kiln with an upper dome (Fig. 162) is used for 


—— — 


Fic. 161.—Round Kiln with Down Draught. 





Fig. 162.—Round Kiln with an Upper Dome. 
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burning pottery, which has to be burnt or heated first before 
receiving the glaze (Minton), this heating being done in a 
second burning chamber, called by the name of a dome, by 
means of the flames rising out of the first. The working of 
the latter is the same as that of the former round kiln, but 
the flames, instead of being united in a collector, to pass thence 
into the chimney, rise through a series of vertical flues arranged 
in the walls, to come out through several openings in the bottom 
of the dome. There they continue their upward motion, crossing 
the crown of the dome, to go back into the chimney which is 
over the kiln. 

Fig. 163 shows a similar arrangement, but with a lower 
dome, the heating of this being very simply done through 
openings arranged in the roof which separates the two cham- 
bers. This method is applicable when the heat for burning 
in the dome need not be noticeably below that of the upper 
chamber. If, on the contrary, there is required a warming 
through at a rather low temperature, as is the case for 
porcelain, it is better to make use of the arrangement shown 
in Fig. 163, in which the flames, coming out of the bottom of 
the upper chamber, descend by flues arranged in the walls to 
emerge at the level of the bottom of the dome. There they 
rise towards the crown, then descend in the middle of the goods, 
and pass out by lower openings, collecting again in a receiver, to 
go afterwards to an outside chimney. 

In these two types of kilns with domes the utilisation of 
the heat is fairly good, slightly better in the second than in 
the first, in which sometimes it is necessary to finish heating 
the dome with supplementary furnaces placed at the upper 
floor. If heating by gas is adopted, it must be fitted to the 
kiln with a lower dome, which lends itself much better than 
the other to heating, by the gathering together of the secondary 
alr. 

The continuous kilns with descending flames divide the heat 
much better than those with ascending flames, but the utilisation 
in them of the heat, although generally a little better, is still 
very medium. It is increased by using globes and by heating 
with gas, which makes the kilns as economical as is possible 
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Fi. 168.—Round Kiln with a Lower Dome. 
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with intermittent burning. It is convenient to use these kilns 
for burning ‘all pottery that needs a careful firing, and which 
it has not yet been possible to fire suitably in kilns with con- 
tinuous firing. 

166. Horizontal Intermittent Kilns with Single Furnace. — 
These kilns are characterised by their horizontal shape, and by 
a single fireplace put at one end, while the chimney or draught 
channel is at the other. The types that come under this section 
are fairly numerous, but it will be sufficient to mention shortly 
the three following ones :— 

Fig. 164, a kiln with flames that are exclusively horizontal ; 
when several of them are placed side by side, the draught is 
formed by a single chimney which communicates with a smoke 
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receiver ; in the opposite case, the kiln is finished by a chimney 
as in the following examples. 

Fig. 165, a kiln with flames that ascend first and then are 
horizontal. 

Fig. 166, a kiln with descending flames that are more or less 
oblique. 

All the kilns of this class have the inconvenience of this 
difficulty : either the kiln is short, the distribution of the heat is 
fairly good, but the utilisation of it is very bad; or else the 
kiln is long, the utilisation of the heat better, although still very 
moderate, but the distribution is shockingly bad Before the 
invention of round kilns, they were frequently used for get- 
ting high temperatures, but they ought now to be absolutely 
condemned. 

167, Continuous Kilns with Single Firing Chamber. — Con- 
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tinuous firing can be obtained by two very different methods. 
Goods piled on carriers can be made to circulate in a con- 
tinuous or intermittent way across the fixed fireplaces, or else 
these fireplaces can be put in the middle of immovable goods 
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The first method, in spite of numberless attempts (by Demimuid 
(1854), Péchinet, Borrie, Colas, Dueberg, Curot, Bock, Maillet 
and Ramez, ete), has now been entirely gbandoned. Besides, 
it is easy to see that it is much simpler to move the currents 


Fic. 166. 


of gas than the very heavy goods, which are given a very 
high temperature. A description of the very ingenious ar- 
rangements which have been tried would only be of historic 
interest. 
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In the second method, the fireplaces, even while in action, 
can either be moved about, over the fixed goods, or else the 
fires can be spread about in the burning chamber, where they 
are lighted and then put out afterwards. The first arrangement 
(Barbier, 1855) has also been given up; there is, therefore, no 
need here to concern ourselves except with the second one. 

Before beginning the description of the different types of kilns 
with continuous firing and a single chamber, we will first mention 
the principle of burning with a continuous fire, in the simplest case 
(Hoffmann & Licht, 1858), shown in elevation and plan on Fig. 
167. A circular burning chamber, A, having twelve doors for 
charging, B, communicates, by means of twelve passages for the 
smoke, C, which can be shut by valves, F, with a receiver 
which itself is united by opening with the central chimney, D. 
A movable damper, which completely shuts off the burning 
chamber, can be placed near each door; on the drawing it 1s 
shown by the side of door No. 1. The space enclosed between 
two consecutive registers is called a chamber. The kiln 
then has twelve chambers, each of them having a door for 
charging at one end, and a draught passage at the other. 

Thus placed, supposing that the kiln is working normally, 
the chambers 1 and 2 are being charged and emptied; the 
feeding is done by door No. 2 The chambers 3, 4, 5 and 6 
contain goods which are burnt and cooling. The chambers 
7 and 8 are being heated by the great fire. Chambers 9, 10, 
11 and 12 contain baked goods which are being gradually heated. 
The air that is necessary for combustion, brought by the draught 
of the chimney, enters through door 2, which alone is open, all 
the others being built up, and passes through the whole length 
of the burning chamber. It cools the burnt goods in its progress, 
and arrives in the chambers that are being fired, having a 
temperature equal to that of the burning. After having been 
used in combustion, it continues its progress, crossing the ware 
to be burnt; this it heats in its progress, and finally arrives at 
the last compartment, of which the draught valve, F, is open, all 
the others being closed, and goes thence into the chimney. 

When the burning of the seventh chamber is finished, the 
damper placed between the 12th and Ist is taken away, and put 
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Fic. 167.—Kiln with Continuous Firing. 
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between the first, which has just been charged, and the second, 
that is finished emptying. The draught valve of the first 
compartment is opened, while that of the second is shut, the 
door 3 is undone, and door 2 is built up; the different phases 
of the burning go on in the same order, but have advanced 
one chamber. This is continued indefinitely, progressing at 
the rate of 1 or 2 chambers every twenty-four hours, the 
charging, emptying and burning being done in a continuous 
way. The starting is accomplished by building in some part of 
the burning gallery temporary fireplaces, by means of which 
the ware is sufficiently heated to ensure the catching fire of the 
fuel thrown in through the nearest heating shafts. These 
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furnaces are kept going until the kiln has begun its normal 
working, then they are broken down. 

In kilns of this type the burning chamber was at first circular 
as shown in Fig. 167; later, on account of economy of construction, 
they were given an oblong form (Hoffmann, 1870), then a rect- 
angular form, composed of two parallel galleries united by two 
flues of communication at the two ends (Buhrer, Hamel, Simon). 
This shape, now almost the only one used, is shown in Fig. 168. 
The chimney is generally outside, as the illustration shows. For 
very small things sometimes different forms have been adopted, 
such as zigzag; one of these is shown in Fig. 169, but these, 
except in some very special cases, are not to be recommended. 
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The heating is done as has been described in Art. 156, and 
by placing the ware as is shown in . 143. Wood can be 
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Fic. 170.—Gas Heating for Kilns with Continuous Firing. 


used equally well, but only in the shape of logs. For the 
burning of the more delicate ware, glazed bricks, tiles, paving 
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tiles, ete, heating by gas can be employed. Different arrange- 
ments have been tried with this object, but the one that has 
given the best results, and which is nearly the only one used 
now, consists of introducing gas, in the place of the heating 
shafts, through firebrick pipes, called candles, as is shown in 


Fig, 171.—Kiln with Channels for Faggot Heating. 


Fig. 170 (Society of Schwandorf, 1875). These are pierced 
with a great number of side holes, forming burners, throwing 
the flames perpendicularly to the current of air. The intro- 
duction of the gas into the pipes is through their upper part 
by means of 8 moveable iron Pipe, which communicates with the 
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general gas channel built in the wall of the kiln. Pie gas is 
introduced simultaneously through several rows of candles, 
and the iron pipes are taken away .1 proportion as the fire 
advances (see also Fig. 262). 

In the kilns with continuous firing which have just been 
described we have seen that the heating takes place in the 
middle of the objects to be burnt, the latter, if necessary, being 
more or less protected from direct contact with the flames 
by special methods of charging. There is a second type of 
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kiln with continuous firing, with one burning chamber, in 
which the heating is done by special furnaces, placed at 
regular intervals in the gallery for baking. This gallery is 
divided into a series of sub-divisions, from which the name of 
channel kiln has been given to it; historically, this is older 
than the preceding one (Arnold, 1839, Jolibois, 1852). 

Kilns with channels give the best results for continuous 
burning when heated with faggots, straw, or other fuel of 
the same kind Fig. 171 shows one of the arrangements that 
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can be used The fuel is put in between two open-work walls, 
through an opening which is closed by a sheet of iron. The 
space enclosed between t:,, furnaces forms a compartment which 
is emptied by a door that is blocked up during the burning. 
This door can also be used to put in the fuel, in which case 
one of the open-work walls ought to be knocked down at each 
burning. Generally it is then made of unburnt goods. 

In the case of heating with coal, the solid hearth of the 
kiln, where the fireplace is, is replaced by a grating, the 
charging of the fuel being done either through a side door or 
through openings in the dome. Necessarily in that case a 
certain quantity of air must be allowed to enter under the 
grate. Fig. 172 shows an arrangement of this kind, fairly 
often used for tile burning (Gilardoni, Virollet) The grates 
are very narrow (2362 in. to 2795 in), the charging of the 
fuel is done by a conical opening in the dome, and a certain 
quantity of air is allowed to penetrate, without any from the 
gratings, through vertical channels built in the side walls of 
the burning chamber (see also Fig. 263). 

Heating by gas has also been used in the channel kilns by 
putting burners in the place of the grates, but this arrangement 
does not give as good a distribution of the heat as the one shown 
before in Fig. 170. | 

In continuous kilns the first phase of the burning, known 
by the name of smoking, ought, in a normal way, to be done 
in the general circulation of the gases before they come out 
into the chimney. This method has serious inconveniences 
when the body contains much water. In fact, at the com- 
mencement of the firing of a new compartment, the gases 
there cool so much that the steam which they contain con- 
denses on the ware; not only is the body thereby much 
softened, but often deposits of the soluble salts, which arise 
either from the body itself or from the ashes of the fuel, are 
formed on the surface of the ware. In consequence of the 
action of the sulphurous vapours, sulphates are then formed, 
and these spot the ware. The remedy for this trouble is to 
first heat each compartment to a temperature of about 100° C. 
before starting it. This is done in the kilns of the first type 
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by means of movable furnaces, placed against the doors or 
above the openings for putting in the fuel. For very damp 
bodies it is better to use fixed furnaces, placed along the out- 
side walls of the burning chamber, with channels under the 
bottom of the kiln. In kilns with channels the heating furnaces 
are used for this purpose. 

If we compare the two foregoing types of continuous kilns, 
we shall easily see that the first has the most methodical and 
economical method of heating. Yet the kilns with channels are 
to be recommended for heating with wood (especially when in 
the form of faggots), and when it is desirable to burn 
exclusively such wares as fear the contact with the fuel. It 
is true that in this case heating by gas in kilns of the first 
type also gives a satisfactory solution of the problem. 

168. Continuous Kilns with several Firing Chambers.— 
Burning in continuous kilns with only one burning chamber is 
very difficult when the ware is very delicate, especially for 
that which needs a high temperature, because it is not possible 
at each part of the burning to regulate the composition of 
the atmosphere in the kiln, and because the horizontal direction 
of the gaseous current is not suitable, or does not give a 
satisfactorily equal distribution of the temperature. In these cases 
it is better to use kilns that have several burning chambers 
which lead into one another. 

The kinds of kilns of this class are very numerous; we can, 
however, divide them into three principal types :— 

1. Kilns with a gallery for burning, divided into several 
chambers by means of partitions, intended to modify the 
durection of the gaseous current.—The characteristic arrange- 
ment of this type of kiln is shown in the longitudinal section 
in Fig. 173. Usually a horizontal damper, A, allows the chambers 
to be isolated. The heating is done by one of the methods 
already mentioned (wells for heating, grated furnaces, gas 
burners, ete). The best distribution of the heat that we can 
expect to get by this arrangement may be obtained more simply 
in the kilns with a single chamber, by suitable methods of 
charging, and by placing movable dampers; this solution, 
however, is not a wise one. 
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2. Kilns with separate burning chambers, of which there 
are several varieties, but which are usually of square or 
rectangular shape, placed side by side and grouped together, 
80 as to form two parallel series, the outside chambers being 
joined together by two cross channele—The different systems 
of this kind of kiln are distinguished by the direction of the 


Fi. 178.—Kiln with several Burning Chambers. 


gaseous current in each chamber and by the method of heating. 
It will suffice to mention the following arrangements, which 
are the most rational and those most used. © 

Fig. 174 shows the longitudinal section of ‘a kiln heated by 
coal, by means of four furnaces placed at the four angles of 


Fio. 174.—Kiln with several Burning Speces. 


each chamber; the draught is formed by openings spaced 
regularly in the bottom, which communicate ‘with the following 
chamber through a network of flues; there is, as in channel 
kilns, a supply of outside air brought into the compartment 
that is being fired, independently of the general circulation. 
(The detailed drawing of this kiln is on page 689.) 
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Fig. 175 shows a kiln, heated by gas (Mendheim), having 
burners spread all about the bottom; the air from the pre- 
ceding chamber, coming through a series of lower flues, rises 
vertically to descend along the wall of separation, and goes 
into the following chamber. (The detailed drawing of this 
kiln is on page 678.) 


Fig. 175.—Kiln with several Burning Spaces. 


Lastly, Fig. 176 shows a kiln that is also heated by gas, 
the latter coming in by burners placed in the dome, while the 
air, coming from the preceding chamber, ascends along the 


Fra. 176.—Kiln with several Burning Spaces. 


wall of separation to descend again all across the chamber and 
passes out by openings spaced at regular intervals in the hearth 
into the following chamber. 

3. Kilns with isolated burning chambers, each one able to 
be heated separately as an intermittent kiln, or united at 
will with the one before and the one after it.—Several systems 
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of this kind have been suggested, but, in spite of their arrange- 
ments, which were often very ingenious, in practice they did 
not possess the advantages that at firat sight seemed to belong 
to them, because of their complications, and because of the loss 
of heat in the channels. They will, however, be mentioned again, 
à propos of the special purposes for which they can be used. 

It may be useful to notice, at the end of these two articles 
devoted to continuous kilns, that seldom has a problem excited 
so much ingenuity on the part of inventors as that of the perpetual 
firing of pottery. Many ignore the necessities of the practical 
industry and make complicated theories, which, happily, are 
seldom carried out; others point out everywhere their system 
as the universal kiln, without taking into account that what is 


Fic. 177.—Semi-continuous Kiln. 


good in one case may not be so in another. In fact, potters would 
do well to build only kilns which are quite suitable for the special 
conditions for which they are needed, avoiding complicated 
arrangements and systems that are good for everything. 

169. Horizontal Intermittent Kilns with several Fireplaces.— 
The kilns of this class, which are often called by the name of 
semi-continuous kilns, are only portions of the kilns with 
continuous firing which have already been described It is 
sufficient to build only a quarter, a third, or a half of them. 
The burning is naturally of an intermittent kind, but, during 
the period of firing, the working is almost the same as that of 
a continuous kiln. 

Fig. 177 shows a kiln of this kind, taken from the type re- 
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presented in Fig. 168, At one end of the burning space are the 
fireplaces, arranged to start the kiln, while at the other is the 
communication with the chimney. In the same way, semi-continu- 
ous kilns with trenches, or with isolated spaces, can be constructed, 

These kilns are used when the output of a continuous kiln 
would at that time be too great, if their enlargement in 
the future, or their transformation into a continuoug kiln is 
foreseen. They ought, in any case, to be chosen in preference 
to intermittent horizontal kilns with one fireplace (Art. 166). 


Fic. 178.—Muffle Kiln. 


What has just been said concerning continuous kilns makes it 
unnecessary to explain them at greater length. 

170. Muffle Kilns.—We have seen that in muffle kilns’ the 
flames and hot gases do not reach to the burning space, and that 
this space is heated through the outside walls, the heat being 
transmitted to the ware by conduction and radiation. This 
arrangement is used for burning the wares which would be 
spoilt by contact with the flames, and which one does not wish 


1 Fours à moufle. From the English to muffle, to cover. This word, which the 
Dictionary of the Academy puts in the masculine, is used in the feminine by 
French potters. 


FIRING. 377 


to put in saggers The considerable loss of heat which results 
from this method of transmission prevents muffle kilns from being 
used for firing wares which need a high temperature. A heat 
of 1,100° C. to 1,200° C. in the interior of the muffle is the 
highest that can be obtained in practice. 

These kilns are generally arranged as shown in Fig, 178. 
The walls of. the burning space are enclosed by slabs of 
fireclay, leaving between the latter and the outside walls a 


Fic. 179.—Muffle Kiln. 


-space through which the flames and gases circulate. The charg- 
ing is done by a door in front, which is afterwards closed by 
a thin partition and a wall, keeping between them a space to 
allow of the even heating of this part of the kiln, An air-hole 
in the upper part allows the exit of the expanded air from the 
muffle, and a trial hole allows of watching the progress of the 
burning. The gases escape by an upper channel and pass into 
the chimney, which is usually connected with several kilns. The 
heating is done by means of fireplaces underneath, for wood 
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or coal, seldom by gas-burners. According to the ware to be 
burnt, the size of the space for burning varies from 2 ft. to 3 ft. 
4 in., the height from 2 ft. to 6 ft. 6 in., while the depth is only 
limited by the practical length that can be given to the 
fireplace. 

A second type of muffle kiln, which is not so often used, 
although, perhaps, wrongly so, is shown in Fig. 179. In this 
one the burning space is limited by the walls of the kiln, and 
the heating is done by vertical pipes, through which the flames 
pass. These pipes are arranged in parallel rows or in groups 
of five. The size of the burning space naturally may be much 
larger, because it is easy to manage the heating by several 
fireplaces side by side. The pipes in the middle are generally 
raised so as to facilitate the charging and emptying. 

Usually these kilns, being intended for burning wares that are 
somewhat valuable, and the temperature never being very high, 
the consumption of fuel, which is relatively large, is yet not. 
of special importance. It is only in certain factories with large 
output that intermittent burning has been attempted to be 
replaced by continuous firing. 

To accomplish the latter, two parallel series of muffles are 
put side by side in such a manner that the warm gases pass 
from one to the other, the working being the same as that of 
continuous kilns with several burning spaces. The heating in 
this case is done preferably by means of gas blown in by a 
gas generator. The burners may be arranged, either at the 
lower part, as in the former examples, or at the upper part, 
with flames that descend along the walls of the muffle. 


(d) Regenerators. 


171, We have seen that the best action of the chimneys was. 
obtained by a temperature slightly above 100° C. If then the 
gases are passed out at a higher temperature, the excess of heat. 
constitutes a loss, which we propose to lessen by using regen- 
erators!, These may be for intermittent or continuous working. 

1 Fr. Récupérateur. The word régénérateur is sometimes used as well, but this. 


expression is not good, because it does not work by regenerating, but by recovering 
the heat. 
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Intermittent regenerators (Siemens) are formed by two or 
more chambers, filled with a pile of bricks, which are placed 
between the kiln and the chimney. While passing through one 
of these chambers the gases yield up part of their heat to the 
bricks, until the temperature of the latter is so high that, the 
regeneration becoming less and less, it is advisable to make the 
gases pass through a second space. The heat accumulated in 
the first can then be used for heating a current of air which 
is carried in an opposite direction to the preceding current of 
gas. Regenerators of this kind, which have been of great use 
in glass making and metallurgy, have not been much used in 
pottery, where continuous regenerators are preferred to them. 

These continuous regenerators may be various in the methods 
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Fig. 180.—Brick for a Continuous Regenerator. 


of construction, but they are always composed of tubular fire-bricks, 
placed in such a manner that they can be passed through in 
one direction by the gases coming from the fire and in another 
by the air to be heated. Fig. 180 (Gaillard and Hallot) re- 
presents a tubular brick of this kind, and Fig. 181 shows the 
manner in which they are put together to form a continuous 
regenerator. The warm gases enter by A, and follow the path 
ABCDE, to pass out into the chimney. On the other hand, 
the cold air enters by F, and rises into the holes of the 
bricks, and passes out warm into another chamber, G. Stoppers 
allow of cleaning the horizontal channels. The difference in 
the temperature between the gases coming in and the hot air is 
usually from 150° to 200° C. By making the regenerator large 
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enough, the limit can be reduced to the heat desired for the 
gases as they pass out by the chimney. 

Regenerators naturally can only be used in pottery with kilns 
for intermittent firing, the kilns for continuous firing only giving 
off gases that have the temperature which is exactly sufficient 
to ensure the draught in the chimney. As for the hot air 
made in the regenerator, it can be used either for drying the 
moulded ware or the raw materials, or for beginning the 
heating of another kiln, or lastly, in the case of heating by 
gas, it may supply the secondary air which is necessary for 
the combustion in the kilns. . 

We must notice, on the subject of this last use, that re- 


Fic. 181.—Continuous Regenerator. 


generators absorb a large quantity of heat before attaining their 
normal working, so that it may happen that they are only 
efficacious when the baking is nearly finished, that is to say, 
when they are riot needed any longer. They must then be 
used either for. heating the air intended for another kiln, or 
else be very slightly built, so as to be less powerful when they 
are joined to a single kiln. 


(e) Construction of Kilns. 


172. In spite of the diversity in kilns used in the ceramic 
industry, there are, however, certain general rules for con- 
struction that perhaps it would be wise to repeat at the end 
of this paragraph, devoted to the description of the kilns. The 
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first condition which all kilns ought to fulfil, the enunciation 
of which sounds a truism, is that they must bear the temperature 
to which they are subjected and also the action of the flames 
‘and gases from the fireplaces. This condition is nearly always 
easy to accomplish in pottery. It is sufficient to make the 
walls of the burning space with ware having the same power 
of resistancé“to the fire as that which is burnt in it. We can 
understand, in fact, that these walls never have to bear a 
greater heat than that to which the goods, with which they 
are charged, are submitted. This observation, naturally, does 
not apply to muffles, which ought always to be made of very 
good fire-bricks. The same applies to those parts of the 
masonry that are near the fireplaces, as these have besides to 
resist the destructive action of the ashes. 

It is often more difficult to obtain materials that will well 
stand the action of a large number of successive heatings and 
coolings. But this question will be discussed with the changes 
that take place when speaking of the special manufacture of 
fireclay goods (Chapter X.). | 

The second condition that kilns ought to fulfil is fo resist 
the alteration of form caused by the expansion of the 
masonry under the influence of heat. In fireclay goods of 
good quality this expansion is 335 to 555 at a temperature of 
1,000° C. It is greater in ordinary terra cotta. The result ig 
that the inner walls of the kiln, being more strongly heated, 
by increasing in volume during the burning, force the outer 
walls, which do not expand, to get out of shape and to crack. 
This mevitable action has no serious consequence if, when the 
kiln has cooled, the cracks close up again and if all the 
masonry returns to its original shape. But it is another thing 
if the changes are permanent. With each new burning they 
increase speedily, necessitating repairs which are always un- 
satisfactory, and end by completely ruining the solidity of the 
kiln. 

These inconveniences are remedied either by strengthening the 
kiln, or by separating the inner walls from the outer ones. 
According to the special case, one or other of these means is 
used, and sometimes both at the same time. Round kilns are 
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easily strengthened by means of iron hoops, tightened by wooden 
wedges. From this point of view, kilns of this shape are always 
to be preferred. The strengthening of flat walls and angles is 
done by means of upright iron or wooden supports, bedded in- 
the ground and joined at the upper part by means of iron 
tie-rods, the tension of which is regulated by bolts. The separa- 
tion between the inner and outer walls is by a ‘layer of cinders 
or sand that is not clayey. In this case the outer walls ought 
to be so arranged that the action of weight should bring them 
back to their original position. This method is specially em- 
ployed in continuous kilns, which by their large dimensions 
would require very costly strengthening. 

It. is equally essential to avoid, as much as possible, the 
escape and entrance of air, which interfere with the regular 
working of kilns.) These may be caused either by displacement 
of the masonry or by its porosity. As to the first case, we 
must observe that if, by one of the two methods already 
mentioned, alterations in the exterior shape can be prevented, 
it is not the same with those which may be caused in the 
channels and interior flues. That is why it is best to avoid all 
complicated channel schemes, all channels put in projecting parts, 
such as vaults, with great expansion, all walls that are too thin, 
etc. Many kilns which on the plans have a very ingenious 
method of working give bad results at the end of a short time 
because all the channels lead into and communicate with one 
another. . 

As to the porosity of the masonry, one knows that walls, 
even when very thick, easily let air pass, and if ever so little, 
the lowering of the kiln would become important. When the 
surface of the walls through which air may penetrate is large 
enough, it is necessary to prevent this porosity by a layer of 
cinders or fine sand spread between the masonry, or by covering 
their outer surfaces with a glaze. 

Lastly, we must still mention the necessity of protecting kilns 
against damp. This recommendation also seems a truism, but 
we think it necessary to give it, because we have ascertained 
that many kilns work badly because, being built on damp or 
permeable ground, the water from the subsoil, drawn up by 
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capillarity, cools the lower parts and prevents the burning of 
the ware in them, or even forms steam, thus spoiling the draught. 


§ 3. WORKING OF THE KILNS. 


173. General Remarks on the Working of Kilns.— Whatever 
may be the nature of the ware to be burnt and the type of kiln 
employed, the burning includes five operations :— 

1. The charging, that is to say, putting the ware into the 
kiln ; 

2. Smoking, which consists in heating the ware to a tem- 
perature of about 100° C. ; 

3. The burning properly so called, which is most usually sub- 
divided into slow firing, full fire, and annealing ; 

4. Cooling the ware in the kiln; 

5. Emptying. 

The general consideration of these five operations will be 
followed by the consideration of the thermic yield of kilns. 

174. Charging.—Three usual methods of charging are described, 
the choice of which depends upon the nature of the ware. 

For strong and not vitrified ware, that is to say, ware which 
does not soften in burning, charging the kiln itself is used, the 
objects being piled on one another in such a manner as to fill 
as full as possible the space for burning. The only condition 
is to leave, while charging, the spaces that are necessary for 
the circulation of the flames and gases to spread the heat 
uniformly, Fig. 143 shows the manner of charging plain bricks 
in a continuous kiln, and other examples can be found in the 
chapters relating to the special industries. Usually this method 
of charging is applicable to all terra cotta and certain kinds 
of stoneware. It is sufficient to put the more fragile goods, 
which usually need less heat, in the upper parts, which are less 
full, and further from the fireplaces. Charging open is only 
applicable to wares which do not suffer from the contact of the 
flames, at least if the burning is not done in muffle kilns, which 
is usually less economical. As to glazes, these can hardly be 
burned in the open unless they only partially cover the goods, 
and then only the plain surfaces may be in contact. In this 
case they are burnt in muflles, because it is very seldom that 
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they can bear the direct action of the flames without detriment. 
When there is any fear that certain bodies will soften and stick 
together, they can be powdered over on their points of contact 
with quartzose sand which remains fireproof at the temperature 
for baking the ware. 

Charging with quarries or slabs is employed for fragile and 
vitrifiable wares, or those which are covered with glaze. This 
is done either in ordinary kilns or in muffles, according as the 
ware can or cannot be exposed to the flames. In theory, it 
consists in putting in the burning space a scaffolding of strong 
ware, or of fireproof pieces, in such a manner as to form a 
series of cases in which is placed the ware. Fig. 182 shows 
an example of this kind of charging, in which A represents 
the walls of the kiln, B small columns of fireclay, and C slabs 
that are also fireproof. The latter are perforated in such a 


Fia. 182.—Charging with Quarries or Slabs. 


manner as to allow the gases to circulate. The goods rest on 
these slabs on a face which is not covered with glaze. For 
certain goods the vertical columns are left out, only covering 
each horizontal layer of goods with slabs which are then used 
simply for the purpose of levelling the partitions of the charge. 

Charging in saggers is done, on the one hand, for unglazed, 
non-vitrifiable ware, which suffers from the action of the 
flames, but which need not be burned in the muffle, and also 
for glazed wares, and for those which are liable to get out 
of shape by the action of heat. . 

Saggers are fireclay receptacles of various shapes and 
dimensions, which it is wise to enamel inside when it is in- 
tended to burn glazes in them. They are often given the form 
shown in Fig. 183, by placing them one on the other, in piles, 
the extreme members of which have flat bottoms, and by putting 





FIRING. 385 


between them rolls or “wads” of thin fireclay, which are 
crushed under the charge, and serve at the same time to join 
them together and to make them firm. The diameter of the 
saggers varies according to the size of the objects; sometimes 
they are made oval, more rarely square or rectangular. 

Putting the ware in place in the saggers is called placing. 
If the body is unglazed and non-vitrifiable, it is placed in the 
inside of the sagger, piled up, and a fireclay slab from time 
to time is put on the inside ledge of a sagger (Fig. 183), thus 
dividing the pile into a series of cases, placed over one another, 
so that the lower goods do not bear the whole charge. This 
arrangement, besides, is indispensable when the objects are of 
such a shape that one cannot put them in a pile. 

If the bodies are covered with glaze, the objects are stood 


Fro. 188.—Saggers. 
on their bottom or on an unglazed part (vases, pots, ete.), but 
as they cannot be put in a pile, because the fusion of the glaze 
would make them stick together, it is necessary to burn each 
of them in a separate case. Under certain conditions, however, 
it is not necessary to divide the pile of saggers into real cases, 
it is sufficient to place in holes pierced in the outsides of the 
saggers small supports, on which the object can rest. The 
sharp top of these supports prevents the glaze from sticking 
too much, and leaves when burnt only a slight mark. In the 
same way very light goods can be piled one on the other, by 
separating them with small fireclay pieces (stilts), which only 
come in contact with the ware at points, thus producing only 
a little prick on the glaze. In Chapter XI. will be found ex- 
amples of these latter methods of charging, which are especially 


used for faience. 
25 
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When the bodies become soft the difficulties of charging are 
much greater, because it is necessary to try and prevent them 
from becoming misshapen. The objects can no longer rest 
only on spikes or points, and ought necessarily to be charged 
each one separately in a case, formed on one side by saggers, 
and on the other by other fireclay pieces, which are of a 
suitable shape. This method of charging, peculiar to porcelain, 
will be described more in detail in Chapter XIIL 

From the foregoing it will be seen that the methods of 
charging are very various, and that it is difficult to give other 
general notes on this subject than those already given. We 
may only add that, after having taken all the precautions 
needed for the special nature of the ware, after having reckoned 
for the good circulation of the flames and gaseous currents, 
we must try, so as to economise fuel, to put the largest possible 
quantity of ware into the burning space. 

175. Smoking.--Smoking, sometimes called by the very im- 
proper name of stoving, is an operation, the object of which is 
to evaporate the water contained in the body, the glaze, the 
pieces used for charging, and, finally, the walls of the kiln. 
It is finished when the burning space is at a uniform tem- 
perature of about 100° and when the gases passing out of the 
chimney no longer contain steam. 

This operation, which is very simple when the ware is thin 
and comparatively dry, becomes a much more delicate one 
when the objects are thick and damp. In fact, there must be 
evaporation but no bubbling, so as to avoid steam being formed 
in the ware, which would make it split. On the other hand, 
it is wise to avoid as much as possible the steam that is given 
off from those goods that are near the fireplaces condensing on 
the ware that is further off, while still cool, to prevent them 
softening and also the spots thus caused, which have been men- 
tioned before. For this purpose, the steam that is formed must 
be got rid of as quickly as possible, which is not always easy in 
kilns with descending or horizontal flames, because the steam, 
being lighter than air, has a tendency to accumulate in the upper 
parts of the burning space. In theory it is wiser to make as 
much use as possible of an ascending draught for this operation. 
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The fuel used ought to be dry, with a slow, regular com- 
bustion and not much flame. Hard, dry wood and coke give 
the best results. The proportion of air that enters the kiln 
ought to be large, and is gradually reduced as the temperature 
increases, but the object of this heating ought always to be to 
obtain moderately warm air, and not to raise the temperature 
of the kiln. 

As for apparatus to control it, mercury thermometers are 
used which are graduated up to 200° C. or 250° C., and iron rods, 
that are plunged through the trial holes into the different 
parts of the burning space and then drawn out again at the 
end of some moments. The height of the temperature shows 
the progress of the heating, and the bubbles which settle on 
the cold iron rods allow of the proportion of damp still con- 
tained in the corresponding part of the kiln being ascertained- 
It is only when the rods come quite dry out of the trial holes 
that are furthest from the fireplaces that the smoking may 
be reckoned as finished. 

176. Firing Properly so Called. — This operation lasts from 
the end of the smoking to the moment when the ware has reached 
the highest temperature to which it has to be subjected. It can be 
divided into three stages, which are more or less distinct. 

Slow firing, in which the temperature rises to about 500° C. to 
600° C., that is to say, until the time when the hydrosilicate of alumina 
is decomposed. This stage needs a slow and gradual heating. 

Full fire, beginning at the foregoing temperature till it reaches 
that of the baking, and characterised, on the contrary, by a quick 
and sharper heating. 

Lastly, annealing, a stage of variable length, according to the 
thickness of the ware and the method of charging. During this 
period, the necessary temperature having been reached, it is wise 
to keep it the same until the centre of the ware has been penetrated 
by it. 

The manner in which the baking is done depends entirely upon 
the nature of the ware, the type of kiln used, the method of 
heating, and on the quality of the fuel. Some remarks on this 
subject have already been given in the first paragraph of this 
chapter; others will be found à propos of the different special 
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industries ; but it is necessary to study exactly, in a general way, 
the questions which relate to the composition of the atmosphere 
of kilns, to the measuring of the draught and to that of the 
temperature. 

177, The Atmosphere in the Kilns.— We have already seen (Art, 
147) the influence that is exerted on the burning of the bodies 
and glazes by the composition of the atmosphere of the kilns. 

We know that this atmosphere is oxidising when the combustion 
takes place in an excess of air, and when consequently there remains 
some free oxygen. The normal composition of the air by volume is 
21 per cent. of oxygen and 79 per cent. of nitrogen, or by weight 
23 per cent. of.oxygen to 77 per cent. of nitrogen. Consequently, 
if in the gases coming out of the kiln there remains 10:5 per cent. of 
oxygen by volume, or 11:5 per cent. by weight, then the combustion 
has been carried on with a quantity of air double of what was 
strictly necessary. This proportion corresponds to the most oxidising 
working that is employed in pottery kilns. 

The atmosphere is neutral when it contains neither oxygen nor 
combustible gases. If the combustion takes place with pure carbon, 
the atmosphere in this case would contain 21 volumes of carbon 
dioxide to 79 of nitrogen. But as in fuel there are always hydrogen 
and hydrocarbons, the combustion of which produces steam, and 
as, on the other hand, there always remain traces of oxygen and 
carbon mon-oxide, the proportion of carbon dioxide scarcely rises 
above 18 per cent. or 19 per cent. 

Lastly, the atmosphere is reducing when there is an excess of 
combustible gases—carbon mon-oxide, hydrogen, hydrocarbons— 
when all the oxygen has naturally disappeared, and the proportion 
of carbonic acid is below the limit that has just been mentioned. 

The composition of the atmosphere in the kilns depends on 
the arrangement of the fireplaces, on the nature and method 
of charging the fuel, and, finally, on the draught. An oxidising 
working can easily be obtained in all fireplaces, by putting 
comparatively little fuel and having a strong draught, and in- 
troducing a great deal of air. On the contrary, a decidedly 
reducing working needs a thick layer of fuel, a small draught, 
and also a small quantity of air; only furnace fireplaces and 
heating by gas can produce it with a normal working. 
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By referring to the fireplaces shown in Figs. 140, 141, 143, 
144 and 145, it can easily be seen that the periodical charging 
of fuel each time lowers the working of the fire. In the same 
way in the furnaces of steam boilers there is, immediately 
after each charge, a considerable giving off of combustible gases, 
which are only partially burnt, as may be seen by the black 
or red colour of the smoke. At the end of several moments 
the combustion becomes complete, then air is in excess, until 
the time when a new charge causes the same disturbance. A 
very methodical heating, with chargings at very short intervals, 
as is done in kilns with continuous firing, decreases these 
irregularities, but without getting rid of them. Generally, so 
that the fireplaces of this kind may work well, they ought to 
have a decidedly oxidising working, which only becomes neutral 
or even reducing for some instants after each charging. 

It is not the same with furnace-bar fireplaces (Figs. 142, 148, 
149 and 150), the charging of which, when well done, ought 
only to cause slight changes in the working. The latter is 
more affected by the periodical clearing of the grates, which, 
by reducing the resistance to the circulation of the gases, gives 
a constant draught, and causes a variation in the weight of 
the air that enters the fire. Yet, as the clearings are less frequent 
than the chargings, it is usually possible to manage them in 
such a way as not to be obliged to clear them during certain 
periods of the burning. In furnace-bar fireplaces it is easy to regu- 
late at will the thickness of the layer of fuel, and, consequently, 
the composition of the atmosphere of the kiln. The inconvenience 
of them, as has been already noticed, is that they lend them- 
selves rather badly to the production of a moderate heat, such 
as is necessary during the slow firing. The thickness of the 
layer of fuel which is suitable for different workings depends 
on the nature of the fuel, on its size, and the proportion of 
ashes and clinker in it. The larger the pieces and the purer 
the fuel, the thicker the layer ought to be. In a medium one 
with coal, a thickness of 12 in. to 16 in. gives a neutral atmo- 
sphere, a less thickness makes it oxidising, while with a greater 
thickness it becomes reducing. 

Heating by gas has not these inconveniences, and gives a 
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regular composition of the atmosphere of the kiln and one that 
is easily regulated at will, but only when the working of the 
gas generators is itself very regular, which is seldom the case 
except in blast gas generators. 

We may say, therefore, that it is impossible to obtain in the 
kilns, not only during the whole of the burning, but even during 
a sufficiently long space of time, an absolutely regular atmo- 
sphere. We can only try by a good arrangement and a rational 
management of the fireplaces, to reduce the errors to the 
narrowest limits. 

If the temperature of the burning is low or medium, it is 
easy enough to manage the heating with a decidedly oxidising 
or reducing working. But that is not so if the temperature 
has to be very high, the introduction of a large excess of air 
or an incomplete combustion having the effect of lowering to 
a great extent the temperature of the gases passing out of the 
fireplaces. In that case it then becomes almost a neutral 
working, and does not leave in the atmosphere of the kilns 
more than the excess of oxygen or of combustible gases that 
are strictly necessary to act upon the ferric oxides. 

There is another consideration which in many kilns necessitates 
a somewhat neutral working during the full firing. That is 
the necessity of making the flames of sufficient length for them 
to reach right across the burning space. When the combustion 
takes place with a large excess of air, the flames are made 
shorter than if the proportion of air were what is strictly neces- 
sary. In that case, the combustion is only due to the burning 
of the gases that circulate in the middle of the charge, and 
the temperature more easily becomes uniform in all the burning 
space. | 

Finally, there is still one point that has sometimes a certain 
importance when charging with saggers, that is, the various 
speeds with which the different gases can pass through a wall 
of fireclay that is always porous. All things being equal, if we 
call 1 the speed of diffusion of the air, oxygen alone has only 
a speed of 0°949, while it is raised in combustible gases to 3-800 
for hydrogen, 1‘015 for carbon mon-oxide, 1°344 for saturated 
hydrocarbon, and to 1:019 for unsaturated hydrocarbons. It 
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follows that the atmosphere inside the saggers has a tendency 
to be more reducing than that which fills the burning space. 

178. Analysis of the Gases.—The determination of the com- 
position of the atmosphere of a kiln may be made by the direct 
observation of the flames and gases passing out of the chimney, 
by the chemical analysis of them, and, lastly, by measuring their 
density. 

However primitive and uncertain the method of direct observa- 
tion may be, yet it is, except in certain special cases, the only 
one that is actually used. It is based on the following signs: 
When the flames are short, brilliant, with clearly marked edges, 
and when their extremity ends in a point that is easily noticed, 
then the working is oxidising. If, on the contrary, they are 
long, cloudy, with uncertain edges, their extremity dying out, 
to be followed by a smoky ending, the working is reducing. 
If the gases coming out of the chimney have a bluish colour, 
even sometimes coloured black, but only at the time of charging, 
then it is a sign that the combustion is moderately complete. 
If, on the contrary, the colour is constantly. yellow or red, with 
a black colouring after the charging, then the combustion is 
incomplete. | 

These observations may suffice, in the majority of cases, for - 
practical uses; but it is no longer so when it is required, at 
certain moments of the burning, to obtain an atmosphere of a 
specified composition, Then we must have recourse to chemical. 
analysis. For this purpose the Orsat apparatus is used, or that 
shown in Fig. 184, constructed by M. Coquillon, which is taken 
from the former. A glass tube, M, or measurer, surrounded by 
water to keep the temperature constant, is divided into a 
hundred equal parts to a cubic centimetre; in the lower part, 
of a less diameter, the graduation is made in tenths of a cubic 
centimetre. This is finished by an india-rubber tube joining the 
apparatus to a flask containing water. The upper part is joined 
to a capillary tube, R, finished at one end by a tube, ¢, for the 
introduction of the gas, at the other by a bell, E, and this 
communicates besides with four receptacles: P’, containing potash ; 
P, pyrogallate ; C, cupric chloride, and B, which is a burner sur- 
mounting the bell C’. All the communications with tube R being 
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closed, the measurer is filled with water by raising the flask ; 
then, after having put tube ¢ in connection with the atmosphere 
to be analysed, the flask is lowered again, so as to fill the 
measure exactly with 100 cubic centimetres of gas. After 
having closed tube ¢, the communication with the receptacle P 
is opened, into which the gas is forced by raising the flask. 
In a few moments the gas is passed back into the measurer, 
by again lowering the flask, and the new volume is read on the 
graduated scale, the difference showing the proportion of carbon 
dioxide. It is continued in the same way by making the gas pass 





g 

Fro. 184.—Apparatus for Analysing Gases. 
into the reservoir P, which absorbs the oxygen, into C, which 
takes the carbon mon-oxide, into E, in which are added some 
drops of bromine, thus retaining the unsaturated hydrocarbons, 
and lastly into B, where, by the addition of a definite quantity 
of oxygen, the hydrogen and saturated hydrocarbons are fired 
by an electric current. The volume of carbonic acid produced, 
and afterwards absorbed in the receptacle P, indicates the pro- 
portion of protocarbonate of hydrogen, and the contraction of 
the volume shows the proportion of hydrogen. The remaining gas 
is nitrogen. 
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This full analysis, when applied to the combustible gases 
produced in the gas generators, gives accurate indications of 
the gas manufactured. For the gases for burning, it is usually 
simplified by merely determining the proportion of carbon 
dioxide, oxygen and carbon mon-oxide. We think that, except for 
scientific research, this shortened analysis is preferable, as it can 
be done in a few minutes; besides, the variations in the composi- 
tion that are shown by the gases during the progress of a 
burning make the undertaking of a lengthy analysis quite 
delusive. This is only done with continuous kilns that are in 
good working, and yet the method of three or four short 
consecutive analyses is preferable to the results of one single 
complete analysis. 

It is known that the density of carbon dioxide is considerably 
greater than that of air (1529); by measuring the density of 
the gases of combustion, then, it is possible to reckon indirectly 
the proportion of carbon dioxide which they contain, and, con- 
sequently, deduce from that the composition of the atmosphere 
of the kilns) Two apparatus have been invented on this 
principle, which, thanks to the constant circulation of the gases 
of combustion, show continuously on a dial the proportion of 
carbonic acid. -One of them, constructed by MM. Meslans 
et Frére, is a kind of hydrostatic balance, the beams of which 
bear two balls, one plunged in air, the other in the gas to be 
analysed. The difference in weight of the fluid displaced by 
each of the balls makes the balance lean more or less. The 
other, invented by M. Arndt, known by the name of an 
econometer, is likewise a balance, also carrying two balls, but 
one of these contains air and the other the gas, which, by a 
Special arrangement, can be automatically renewed. The common 
defect of these apparatus is their extreme sensitiveness, 80 
that the least dust, or the slightest impurity of the gases, makes 
the results false. Besides, they are only applicable to kilns 
which have a constantly oxidising working, because, all the 
combustible gases being lighter than air, it becomes impossible 
to draw any conclusion from the density of the. gaseous mixture 
in which they are found even in a small proportion. 

179. Measuring the Draught. — The draught is regulated 
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according to the intensity that is desired for the fire, the length 
of the flames and the composition of the atmosphere. Direct 
observation is nearly always sufficient for practical men to 
suitably regulate the position of the dampers. Yet it is 
advisable to measure the depression caused by the chimney ; 
if the results thus obtained are in themselves of no great value, 
they help in any case by making it easier to carry on the later 
burnings by the observations made in the first operation. 

The different apparatus which are used for measuring 
draught are very simple, all giving very good results, but the 
apparatus shown in Fig. 185 is the one actually preferred. It 

is composed of two flasks, having a section 

ten times bigger than the U tube that joins 

the ends of them. One is joined by an india- 
| rubber tube to the part where the measure- 

ment of the depression is desired, and the 
other is open to the atmosphere by a glass 
tube, intended to prevent dust from getting 
in. They are filled with two liquids, chosen 
in such a way that they do not act on one 
another, and having densities that are suffi- 
ciently at variance not to mix together, for 
example, water and phenol coloured black. 
They are so arranged that the surface of 
the separation of the liquids is opposite the 
Fie. 185.—Apparatus zero of a scale, the position of which can 
for Measuring Draught. be altered to suit. The depression that takes 
place in one of the flasks causes a difference of level which is 
multiplied by ten in the U tube, so that the draught measured 
by a difference in height in millimetres of water is shown as 
centimetres on the graduated scale. 

The india-rubber tube fixed to the apparatus is finished at 
its other extremity by an iron or copper tube, which is put 
into the kiln between the burning space and the draught 
damper. 

180. Measuring the Temperature.—The temperature of the 
kilns can be observed by the eye, according to the colours 
that the ware or the walls of the kiln become. In this case 
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the results shown in the following table, laid down by Pouillet, 
are generally adopted :— 


Degrees C. 

Red beginning. . . . ; . . 525 
» dark . . . . . . . . 700 
Cerise beginning . . . . . . . 800 
” ” . . . . . . . 900 

» bright . . . . . . . 1,000 
Orange dark . . . . . . . . 1,100 
» bright . . . . . . . 1,200 
White ,, . . . . . . . 1,300 
» dull . . . . . . . . 1,400 

» shining . . . . . . . 1,500 


In order to be fairly accurate, it is indispensable that the 
observer should first be in the dark, so that, by daylight, his eye 
may not be influenced by the varying brightness of the sun’s 
light. Then the shade of the inside of the kiln can be fairly — 
easily recognised, if the atmosphere is not disturbed. When 
this atmosphere is a reducing one, then the observation is 
more difficult. It is also advisable not to allow oneself to be 
influenced by the brightness of the flames, which are white 
when hydrocarbons are burning, and blue when they are only 
produced by carbon dioxide or hydrogen. In any case, the 
foregoing results are too high; the orange tints appear after 
1,000° C. and the white ones after 1,200° C., it is wiser there- 
fore to go only by the .colour noticed, and not by the 
temperature, according to the foregoing table. 

In kilns, the charging of which is done open, the advance 
of the burning can also be reckoned by the shrinkage, that is 
to say, by the height to which the mass that is charged has 
been lowered. In this case, evidently it is not done by 
measuring the temperature, but only by determining whether 
a certain degree of burning, which has been decided by ex- 
perience, has been reached. This observation is made by means 
of an iron rod, on which is measured the distance between a 
fixed point in the kiln and the upper part of the charged 
ware. 

For all baking of pottery that needs a certain exactness, 
the pyroscopes are used to determine whether the temperature 
necessary for the burning has been reached. Mostly tests are 
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used for this purpose; these consist of specimens of the body, 
covered, when needed, with glaze; they are put into the kiln 
through special sight-holes, and are afterwards drawn out during 
the burning to find out whether the body has attained the 
suitable hardness or colouring, or else to see whether the glaze 
has vitrified. When the last test taken out has proved that 
the burning has reached the desired state, it is still necessary 
to continue the firing for a certain time, which is regulated by 
experience, so that the goods, which are usually thicker or 
more protected than. the tests, should also reach the same 
degree of baking. 

At the same time as the tests certain metals can be put 
into the kiln; these melt and volatilise at specified tempera- 
tures. The following table shows the materials which can be 
used thus, and the temperature that corresponds with their 
change of state :— 


°C. 
Tin, fusion . . . . . . . . 238 
Lead ,, . . . . . . . 825 
Zinc ,, . ‘ . : . . . . 488 
Aluminium, fusion . . . . . . 625 
Zinc, volatilisation. . . . . ° . 930 
Silver, fusion . . . . . . . 954 
Gold » . . . . . . . 1,045 
Copper ,, . ‘ . . . . . 1,054 
White pig-iron, fusion . . . . ‘ . 1,130 
Grey n ” . . . . . . 1,220 
Nickel, fusion . . . . . . . 1,410 
Palladium, fusion . . . . . . 1,500 
Platinum, ” . . . . . . 1,775 


The observations made with these metals are usually falsified 
by the layer of oxide that is formed. Now, it is preferable 
to replace them by pyrometric tests, which have been specially 
studied by Seger. This potter has made a series of tests, the 
composition of which is shown in the following table, as well 
as their order number. In this table, Na*O represents soda, 
PbO plumbic oxide, AL?O* alumina, CaO lime, Fe?O, peroxide 
of iron, K°0 potash, SiO? silica and Bo*O* boracic acid :— 


Number. Composition. 
022  0-5Na?O0 — 0:5PbO — 0-0A120? — 2-08i0? — 1Bo%0? 
021 ” ” O1 ,, 2°2 ;, ” 
020 ” ’, 0-2 ” 24 ” » 


Order 
Number. 


018 
017 
016 
015 
014 
013 
012 
011 


| © 
BSSHamnRwbhOowmuiouRwbmeRRERSIBSS 


RREBSBSRSESERSRKRBE 


© 
Où 


1AÏROS — 10 


to © HR Où 


SiO? 
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0°5 
0:55 ,, 


0'6 


0:7 


0'8 


0-1 Fe?0% 0-4 Al?03 


Composition. 
0°5Na?O — 0°5PbO — 0°4 Al?O? — 2:8Si0? — 1Bo*03 


0°65 ,, 
0°75 ,, 


3? 


0°2F'e*0® — 0°3A170% 


0°05 ,, 


0°5A170° — 4Si0? 


0°5 
0°6 
0.7 
0'8 
0-9 
1-0 
1:2 
1°4 
16 
1°8 
21 
2°4 
27 
8:1 
8°5 
8°9 
4:4 
49 
5:4 
6-0 
6°6 
72 
20:0 


8-0 
81 
3:2 
3:8 
3°4 
8°5 
8°*6 


LL 


0°45 ,, 
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— 8°508i0? — 0:5 Bo?0* 


8-55 ,, 
3°60 ,, 
8°65 ,, 
8:70 ,, 
8:75 ,, 
8°80 ,, 
3°85 ,, 
3°90 ,, 
3°95 ,, 
4°00 SiO? 


Pure kaolin with traces of alkali. 


Pure clay, 


0-45 ,, 
0-40 ,, 
0-35 ,, 
0-30 ,, 
0-25 ,, 
0-20 ,, 
0-15 ,, 
0:10 ,, 
0-05 ,, 
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The temperatures at which these pyrometric tests fuse have 
been exaggerated by Seger: also, in default of precise results, 
it is better to leave out uncertain values By way of a very 
general reckoning, these are the numbers of tests which are 
used in various potteries :— 


Muffle firing for decoration . . . . 022 to 010 
Burning fusible bodies . . . . . 015 ,, 01 
Burning slightly fusible bodies . . . 1,, 10 
Stoneware burning . . . . 5 ,, 10 
Burning the body for fine faience . . 8 ,, 10 
Burning the glaze for fine faience . . 010 ,, O1 
Burning fireclay ware and porcelain . . 10 ,, 20 


The tests from 20 to 36 are only used in experiments for 
fusibility. 

The mixtures composed as in the foregoing table are moulded 
into the form of prisms as shown in Fig. 186. 





This figure shows the manner in which, under the influence 
of heat, the prisms diminish in size, then bend over before 
melting. For a first experiment a series of tests must be 
procured, and placed in the kiln opposite a sight-hole; notice is 
taken, when the heat of burning that is suitable has been reached, 
of the number of the one which has begun to bend over, the 
following one being still whole. This having been determined 
once for all, it is sufficient to use the four or six nearest 
tests to regulate the highest temperature in the after burnings. 
Tests can also be prepared by following the compositions in 
the table, and afterwards comparing them with the normal tests 
by Seger. 

Pyrometers are much less frequently used in pottery than 
tests are; we shall, therefore, simply mention the different types, 
only describing those which are sometimes used. 
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Wedgwood’s pyrometer, based upon the shrinkage of the clay, 
is scarcely used because of its lack of exactness. The apparatus 
based on the expansion of bodies either solid, liquid or gaseous 
(metallic pyrometer, Gauntlett’s pyrometer, Wiborgh’s pyrometer, 
air pyrometer, thalipotasimeter, etc.) can only be used at tem- 
peratures below that for burning almost all pottery. 

The pyrometer by the circulation of water, by M. de Sainti- 
gnon, consists entirely of an iron tube put into the kiln, through 
which runs a current of water having sufficient velocity to 
prevent evaporation. The difference in temperature between 
the water when it goes in and when it comes out again, as measured 
by thermometers, is an evidence of the temperature of the kiln. 
This apparatus, when well regulated, may be of service, but 
the preparation of it is somewhat costly. 

In the actinometric pyrometer by M. Latarche a mercurial 
thermometer is arranged in such a manner as to be affected out- 
side the kiln by the radiation of one part of the interior. It is 
placed in a metallic tube surrounded by a reservoir of water, 
which is kept boiling by the heat of the kiln. A certain pro- 
portion between the temperature shown by the thermometer and 
that of the kiln is allowed. This apparatus, which is evidently 
more accurate than the eye of the observer, has, however, the 
drawback of being influenced by the nature of the atmosphere 
of the kiln. 

Siemens’s electric pyrometer is based upon the difference in 
resistance that is offered to an electric current by a platinum 
wire according to its temperature. This somewhat delicate 
apparatus, which is easily disarranged, is hardly suitable except 
for scientific researches. 

In the thermo-electric pyrometer by M. Le Chatelier is 
measured the electric current, varying in strength, which is pro- 
duced by heating a couple formed of a platinum wire and a 
wire of an alloy of platinum, with about , of iridium or 
rhodium. The valuing of this current is done by an aperiodic 
galvanometer, the deviations of which are noted by means of a 
Poggendorf reflector. 

In order that this apparatus may give good results, the couple 
must be placed at a fixed position in that part of the kiln the 
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temperature of which it is desirable to measure, care being taken 
that there is no entrance of air round the wires, the galvanometer, 
on the other hand, being put in an isolated position When 
these conditions are properly complied with, this pyrometer is 
decidedly the one that gives the most accurate observations, 

The pyrometric telescope by MM. Mesuré and Nouel is a 
portable apparatus, shown in Fig. 187, with which can be seen 
an object placed in the kiln. It is based on the phenomena of 
rotatory polarisation of light. The luminous ray entering by 
A, crosses two Nicol prisms, P and A, which are separated by a 
quartz disc, Q, before arriving at the observer's eye placed 
against the object glass, O. The colour seen varies according to 





Fic, 187.—Pyrometric Telescope. 


the intensity of the luminous source; by turning the eye-piece 
in the direction of the graduation of the circle C, a certain 
position of the prisms is found at which the colour passes 
rapidly from green to red, with an intermediate position at 
which there is a dirty citron shade. The measuring of the 
temperature is determined by the number of degrees that the 
eye-piece has been turned, starting with the zero of the apparatus, 
until the moment when this shade appears. This telescope may 
be put into the hands of the fireman, and may be of great use 
in regulating the upward working of the temperature, the tests, 
on the other hand, showing when the maximum heat has been 
reached. 

Lastly, the optical pyrometer by M. Le Chatelier is based 
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on the comparison of the light given off by a definite part of 
the kiln with the flame of a trial lamp taken as a standard. 
Fig. 188 shows the arrangement of it in theory. The lamp, L, 
gives out luminous rays which are reflected by the mirror, M, 
and perceived by the eye, placed at the eye-piece, O. On the 
other hand’ the rays coming from the kiln through the opening 
A are also perceived there, the two images being side by side, 
and thus easily compared. Their intensity is equalised by 
putting between more or less darkened glasses, B, and by 
diminishing the opening of a diaphragm, C. To make the 
observation easier, a red glass, D, is placed before the object 
in such a manner as to let only the monochromatic rays pass. 





Fra. 188.—Optical Pyrometer. 


The apparatus is graduated by aiming at a small palladium 
globe, soldered on to a thermo-electric couple. 

These optical pyrometers have the advantage of not getting 
out of order, and of always giving observations that can be 
compared, yet the observer must be careful that the rays emitted 
by the object looked at in the interior of the kiln do not 
encounter on their way gases or flames, which would falsify the 
results, 

181. Cooling and Emptying.—When the maximum tem- 
perature has been reached, and it has been kept up long 
enough to accomplish the soaking, the ware must be allowed 
to cool until it can be emptied. If the cooling may be done 
in an oxidising atmosphere, fi can be hastened by continually 
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allowing a current of air to pass, which, according to the 
arrangement of the kiln, is either used for heating other ware, 
or else escapes by the chimney or through upper openings in the 
burning space. 

If, on the contrary, the atmosphere is obliged to be kept 
reducing, all circulation is stopped, and the cooling is only accom- 
plished by the radiation from the walls of the kiln Yet, in 
this case, it is sufficient to continue thus up to the time when 
the composition of the atmosphere will no longer affect the 
colouring, that is to say, until the glazes have solidified or 
until the bodies have a temperature below dark red. After 
that time, the cooling may be hastened as in the preceding case. 

In whatever way one works, the same precautions must be 
taken as in heating, so as to avoid a too sudden or uneven 
cooling, which would cause the ware to split. It is especially 
when they are nearly cold that it is advisable to be prudent 
and not be in too much haste to take them out. 

Emptying is the last operation in baking. It is a very 
simple one, although often very difficult because of the heat; 
it is generally done by skilful management and does not need 
any special directions. 

182. Thermic Yield of the Kilns.—The thermic yield of the 
kilns is determined by the relation between the heat really 
used to burn the ware and that given by the combustion. If 
c be the number of caloric units really made use of, and C the 
number of caloric units produced in the kilns, the relation 


5 represents the yield of the kiln, and ae the proportion 


of heat lost. 

Although this definition is very simple, that is not the case 
with the calculations and observations which have to be made 
to find the value of c and C. In order to work methodically, 
it is best first to try and find the value of c, then to take 
account of all the loss of heat. By adding together all the 
amounts thus obtained, one ought to be able to find the number 
of calorie units C; this also being determined, on the other 
hand, by multiplying the weight of fuel used by its calorific 
power. | 
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The number of caloric units theoretically necessary to burn 
a definite weight of pottery may be reckoned as follows: 
to the heat necessary for raising this weight of pottery to the 
maximum temperature T must be added that absorbed by the 
evaporation of hygrometric water, by the decomposition of the 
hydrosilicate of alumina and the breaking up of the carbonates. 
On the other hand, the formation of silicates is accompanied 
by an evolution of heat. As the heat evolved or absorbed by 
the formation or decomposition of the silicates has not yet 
been determined, we are forced to allow, in the absence of all 
exact data, that these two phenomena counteract one another. 

The heat used to raise from 0° to T° 1 kilogramme of 
burnt ware is equal to 0-2T, allowing for the specific heat of 
pottery the amount of 02. As T varies from 800 to 1,375, 
the value of 0:2T is from 160 to 275 units of caloric. 

On the other hand, if the quantity of water contained in 
the body is a per cent., the heat necessary to evaporate it at 
500° C. is 

10 [606-5 + (0°805 x 500)]. 

We have seen that a, at the maximum, might be equal to 
139, which would correspond to an expenditure of 1225 caloric 
units. 

Lastly, the hygrometric water being reckoned Le to b per 
cent. gives about 


100 3 “i D à 1606: 5 + (0°305 x 100)] caloric units. 


This gives, b varying from 4 to 6 per cent., an expenditure of 
265 to 47'1 caloric units. 

It follows that 1 kilogramme of burnt ware needs, theoreti- 
cally, a maximum of 445 caloric units for burning it, and 
that this amount may be as low as 245 caloric units for 
fusible bodies. If carbonate of lime enters into the composition, 


it would be necessary to add to these numbers | ES caloric 





units, n being the proportion of carbonate in the body (Berthelot) ; 
but this amount, being always small, may comparatively not 
be taken into account in the preceding. 
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The causes of loss of heat may be divided into six parts, 
which will be successively dealt with :— 

1. Loss due to charging, when this requires the use of saggers, 
supports, etc. To find the value of this loss we must de- 
termine the weight of the accessories thus used in charging 
1 kilogramme of burnt ware. This number is afterwards multi- 
plied by 0°2xT, the product giving the number of caloric units 
lost. In certain kinds of ware, the weight charged that is of 
use sometimes does not amount to a fifth part of the total 
weight of the charge. This remark shows the advantage, which 
is considerable from a thermic point of view, of charging things 
open, and the reason there is for not charging in saggers when 
it is possible to avoid doing so. 

2. Loss due to the heating of the walls of the kiln. To find 
the value of this we may reckon that all the inside walls of 
the burning space have to be heated for a thickness of 15 to 
25 centimetres, according to the temperature for burning, up to 
a degree of heat equal to that of the ware. As to the walls 
placed in the burning space, naturally they have to be raised 
entirely to the temperature of the burning. The valuing of this 
loss is found by multiplying, as before, the weight of the masonry 
heated by 0°2xT. From this point of view the most economical 
kilns are those which offer the greatest space to be utilised for 
the minimum of wall. This condition is best fulfilled by round 
kilns and kilns with continuous firing and one space for burning ; 
on the contrary, in continuous kilns with several chambers this 
loss often becomes considerable enough to make up for the ad- 
vantages that are gained by the continuity of the burning. 

3. Loss due to the radiation from the outer wall of the burning 
space. This is the most difficult one to reckon and ought to 
be the subject of direct observation. In certain kinds of well 
built kilns, with thick walls, it may not reach 10 per cent.; 
in others it rises to 25 per cent. We need only remark that 
it increases with the exterior surface of the walls, and that it 
is produced particularly in the upper part of the kilns, especially 
by the domes of the burning space. 

4. Loss occasioned by the warm gases passing out through the | 
chimney, which can only be precisely reckoned by determining 
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at frequent intervals their volume and temperature. The latter 
can be measured fairly easily by thermometers or pyrometers As 
to volume, that can be deduced from the velocity of the gases 
passing through an opening of a definite size, the velocity being 
reckoned by means of anemometers. These apparatus, however, 
work badly in gases filled with coal dust, and they do not work 
at all when the gases are rather hot. It is generally preferable 
to reckon the volume of gases from the weight of fuel burnt 
and from their chemical analysis. If we know the composition 
of the fuel, we can conclude the volume of air that is strictly 
necessary for its combustion, a volume which is afterwards 
increased or diminished in proportion to the amount of oxygen 
or of combustible gases indicated by the analysis of the gases 
of combustion. 

We must remark, while on the subject of this loss, that when 
the gases are not given off at a temperature above 100° or 150° C, 
the heat thus evolved is indispensable for the working of the 
kiln; it is only when the temperature of them rises above this 
height that there is any real loss. 

An oxidising state, by increasing the volume of the circulating 
gases, also increases the loss of heat. This, however, is much 
more important in intermittent kilns, while in continuous kilns, 
as we shall see further on (Art. 207), it is sometimes more 
economical to have a very oxidising working. 

5. Loss resulting from a reducing working. This 1s fairly 
easily reckoned from the analysis of the gases, compared with 
the quantity of fuel burnt during the continuance of the reduc- 
ing period. 

6. Loss of heat which is caused in the fireholes, on account 
of imperfect combustion. It is determined by weighing the 
ashes, the cinders, and by reckoning the proportion of combustible 
material which they may still contain. 

In the case of heating by gas, we can besides reckon the loss 
due to the generation of gas, which was discussed in Art. 159. 

When the heat contained in the burnt ware can be partly 
utilised, as is the case in continuous kilns, this constitutes a 
gain of heat which will lower the foregoing losses. 

By adding to the number of caloric units which are theoretic- 
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ally necessary for the burning those which result from the 
different causes of loss that have just been enumerated, and by 
subtracting, if there is any, the gain of heat, we ought, if it 
has been properly worked out, to be able to find the amount 
that represents the total heat evolved by combustion. It has 
already been stated that this can be arrived at, on the other : 
hand, by multiplying the weight of fuel used by its calorific 
power. It is only when this balance has been established 
between the quantity of heat produced and that evolved that 
we can pretend to know precisely the working of a kiln. We 
shall find in the following chapters other remarks on this 
method of calculation, but we must not disguise the fact that the 
problem often is not easily solved, and requires men as experi- 
menters who are familiar with the question of heating. 





CHAPTER VIIL 
DECORATION. 


SumMmany.—<1. Colouring Materials: General Remarks on the Colouring Materials 
—Colouring Metals—Preparation and Properties of the Colouring Materials. 


§ 2. Processes of Decoration: General Remarks on the Processes of Decoration — 
Decorative Moulding of the Body—Colouring of the Body—Coloured Slips— 
Under Glaze Colouring—Coloured Glazes—Over Glaze Colouring—Decoration 
with Metals—Decoration with Metallic Lustres—Various Methods of Decora- 
tion—Burning the Colours. 


§ 1. COLOURING MATERIALS. 


183. General Remarks on the Colouring Materials.—Before dis- 
cussing the different methods of decorating the ware, it is necessary 
to give some details on the colouring materials used in pottery. In 
this term are included only those that are fixed or developed by 
heat, that is to say, the coloured mineral matters that resist the 
lower or higher temperatures. They owe their colouring to oxi- 
dised combinations, and to the salts of one or more of the thirteen 
following metals : iron, copper, chromium, cobalt, manganese, nickel, 
‘uranium, titanium, antimony, gold, silver, platinum and iridium, to 
which may be added vanadium, molybdenum and tungsten, hitherto 
not used. 

These colouring matters may be fixed either in or on the ware 
by five different methods :— 

1. They can be introduced into the body, which then becomes 
a coloured body, which may either remain unglazed or be covered 
with a transparent glaze. 

2. Coloured bodies can be used to cover another body with slip 
(Art, 114), in which case they are called colowred slips, the ware 
thus decorated either remaining unglazed or being covered with a 
transparent glaze. 

3. The slipped body can be covered or not with a layer of 
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colouring matter, which is afterwards made adhesive by covering 
it with a transparent glaze. This method of decoration is known 
by the name of under glaze colouring. 

4. The colouring matter can be mixed with the glaze, which 
thus becomes a coloured glaze, being either transparent or opaque. 

5. Lastly, the colour can be put on the surface of the trans- 
parent or opaque glaze, in which case the colouring matter must 
be mixed with a flux, that is to say, made into vitriiable 
colour. This method of decoration then consists in over glaze 
colouring. | 

Two or more of these methods of colouring can be used 
simultaneously to help in the decoration of the same piece of 
pottery. 

When the colouring matter is incorporated with a body or a 
slip, it must be able to resist the same temperature as that at which 
the body is burnt ; when it is placed under or mixed with the glaze, 
it must bear the temperature at which that glaze vitrifies ; lastly, 
when it is put on the surface of the glaze, or even when this 
deposit is made on the raw glaze, then one returns to the preceding 
case, or if the glaze has been burnt first, then it need only bear the 
temperature for vitrifying its own flux, which is decidedly below 
that for burning the glaze. 

In this last case the colouring matter is called colours for 
muffle fire, in all the other cases it is colours for hard fire. 
We see that these names do not mark definite temperatures, but 
that they depend on the temperature at which the ware is burnt. 
Such a colour for muffle firing, for example, placed on porcelain, 
may have to bear a heat higher than the colour for hard firing, 
which is used to decorate faience. Thus these names, as com- 
monly used, have no value from the standpoint of pottery, and 
cannot in any way be used for classifying the colouring materials. 
A classification of this description is, besides, of very little use, 
and it is sufficient to call the colouring materials and colours by 
the names of the compound minerals to which they owe their 
colouring. | 

Now, if we consider this colouring by itself, we may notice 
that it is influenced— 

1. By the temperature for burning. 
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2. By the atmosphere of the kilns being oxidising, neutral 
or reducing. | 

3. By certain materials in the bodies, glazes, or fluxe, which, 
however, are themselves colourless. 

4. By the reciprocal action that the colouring matters may 
exert, the colouring of their mixture not being necessarily a 
means for their proper colour. 

In this connection, we have already seen the variable colours 
produced by the oxide of iron in the body (Art. 147), and we 
have remarked that the glazes can be classified, as alkaline, 
boracic or plumbiferous, according to the influence they exert 
on the development of the colours. 

Thus it is impossible in pottery to give such a narrow classi- 
fication of colours as, for example, Chevreul has done for the 
dyeing industry. In a general way, the colours can not be made 
lighter or darker by simply adding white or black to them. It 
is advisable, on.the contrary, to consider each of them separately, 
and to try and obtain the various tones that can be got in them 
by varying the proportion of colouring matter added to a definite 
quantity of body, glaze or flux, or in some cases by increasing 
or lessening the thickness of the coloured layer. 

Having laid down these general principles, we will now 
-discuss the colourings given by the thirteen usual colouring 
metals. 

184, Colouring Metals.—Zron.—We have seen, in the preceding 
chapter, the different colours that oxide of iron can give to the 
bodies; it now remains to examine its action in glazes. For 
relatively low temperatures, generally below 1,000° C., and in 
an atmosphere which is slightly oxidising, iron oxide gives the 
colouring of ‘the peroxide, that is to say, brown and red, which 
may become violet and -approach black in consequence of the 
presence of the monoxide. It is then suspended in the vitreous 
mass, with which it does not easily mix. For higher tempera- 
tures it may enter into combination, and then gives colours that 
are slightly stable, of a bluish green in alkaline glazes, of a brownish 
yellow in boracic glazes, and of a more or less clear yellow in 
plumbiferous glazes. Finally, at very high temperatures it forms 
Silicates of the protoxide, which are scarcely coloured if it is only 
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in a small proportion, and of a reddish or blackish brown if there 
is much of it. 

On the other hand, mixed with other colouring oxides, it may 
give very stable colourings, that are much used. 

It is obtained in a pure state by calcining the sulphate of 
iron; it is then in the form of a red powder or colcothar, of 
which the shade depends on the rapidity with which it is 
calcined and at what temperature. It can also be prepared by 
precipitating the salts of iron by ammonia or by alkalies. The 
tint it takes, in this case, depends upon the salt employed and 
also on the reagent. 

Lastly, it is found in Nature in many earthy compounds, 
such as ochres, Sienna earth, Thiviers stone, Armenian earth, etc., 
but these usually have the disadvantage of being very variable 
in composition. | 

Copper.—The oxides of copper are only used in the glazes 
that can be vitrified at a moderate temperature At high 
temperatures they have a tendency to absorb into the glaze 
and even to penetrate into the body itself. With an oxidising 
atmosphere, that is to say, in the form of dioxide, copper in 
alkaline glazes gives a beautiful azure blue colour, known by the. 
name of turquoise blue. It becomes a more or less intense green 
in boracic or plumbiferous glazes. With a strongly reducing atmo- 
sphere it forms the monoxide and makes a beautiful purple red in 
alkaline glazes, verging more on orange or brown in the others. 

Mixed with other colouring matter, the oxide of copper mostly 
has the effect of making greens. 

It is especially used in the form of the anhydrous dioxide, 
which is a very dense black powder, obtained by calcining nitrate 
of copper. The carbonates are also used sometimes. As to the 
blue ashes and: other ores which are somewhat impure, they 
cannot be recommended. 

Chromium.—The oxides of chromium can only be used for 
colouring very white bodies, because the small quantity of iron 
which is contained in them always darkens and dirties the. 
colours. In glazes chromium is used in the form of the oxide 
of chromium or of chromic oxide. The atmosphere of the kilns. 
exercises a certain amount of influence on them, the chromium. 
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taking the form of chromic acid when the atmosphere is oxidis- 
ing, and that of the oxide when the atmosphere is a reducing 
one. However, this action is much less marked than with iron 
or copper. With a sufficient proportion of the colouring matter, 
it is only felt by slightly modifying the shades. The oxide of 
chromium in alkaline glazes gives a bluish green or a greenish 
blue, which is very little used; on the other hand, in other 
glazes it produces a beautiful green colour which becomes 
yellowish by a small proportion of the oxide with an oxidising 
atmosphere. Chromic acid produces rather intense yellows in 
alkaline or purely plumbiferous glazes, and yellowish greens in 
boracic glazes. In alkaline plumbiferous glazes at a low tem- 
perature it gives an orange red colour. Lastly, by mixing 
stannic acid in the glaze with lime and a small proportion of 
chromic acid, a red colour is obtained varying from rose to 
purple, when the temperature is sufficiently high. This colour 
is not specially due to the chromic acid, because it can be 
obtained under the same conditions with other substances, but 
the use of chromium gives the best results. 

The compounds of chromium are also very much used as mixtures 
with other oxides to produce greens with copper, blacks with 
the oxide of iron, ete. 

The oxide of chromium is prepared by decomposing the 
chromate of mercury by heat, or by acting on the chromate 
of potassium when heated with sulphur. As to chromic acid, 
it is used in the form of bichromate of potash. The use of 
chromium in pottery only dates from the beginning of this 
century; thus the presence of it in the ware may sometimes 
furnish indications as to the date of their manufacture. 

Cobalt.—The oxide of cobalt is a very powerful colour; it 
may be used for colouring the body and resists all temperatures. 
The colour it gives is always blue. Added alone to a glaze, 
it gives an intense blue colour, inclining slightly to violet, but 
it cannot easily be obtained pure in the light shades. It works 
better mixed with the oxide of zine, giving ultramarine blue; 
added to aluminium, it produces a beautiful sky-blue colour. 

It is mixed with the other colouring oxides to obtain all 
shades of blue. 
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The oxide of cobalt in a small number of colour factories 
is obtained by the treatment of the ores of cobalt. It is sold 
in the state of protoxide of cobalt almost pure, which is a dark 
grey powder; but for the more usual glazes, or for colouring 
fine bodies, the sesquioxide is used, which contains 85 per cent. 
to 90 per cent. of oxide. Finally, for the ordinary bodies, it 
is more economieal to use the rose grey carbonate of cobalt, or 
the silicate of cobalt called rose cobalt, which only contain 40 
per cent. to 50 per cent. of the oxide. All these are always 
more or less mixed with the oxide of nickel. 

Manganese. — The oxide of manganese is also rather a 
powerful colour, which allows of its being used for bodies to 
which, when almost always mixed with iron, it gives a dark 
brown or black colour, resisting any temperature. In glazes 
it forms colours varying from brown to violet, according to 
the amount of iron oxide, and according to the composition 
of the glaze. In alkaline glazes it is more particularly violet, 
and brown in the boracic ones; plumbiferous glazes are mid- 
way between. 

Mixed with iron oxide, the oxide of manganese makes 
browns, and it may enter into the composition of almost all 
blacks. 

It can be extracted almost pure from the ores of manganese ; 
then it is in the form of a black powder, which is preferable 
for using in glazes, especially for violet ones. In other cases 
the ores themselves are used, having been simply sorted, washed 
and powdered. 

Nickel.—The oxide of nickel is scarcely ever used, because 
it gives uncertain and spotted shades, varying from yellowish 
green in alkaline glazes. to dirty green in boracic ones, and 
brown green in plumbiferous ones. It is used as a mixture 
specially with iron, and then gives a shining brown; it also 
enters into the composition of certain blacks. It is extracted, 
in the form of a green or grey oxide, from the nickel ores. 

Uranvum.—Oxide of uranium gives yellow colour with an 
oxidising firmg, and green or black in a reducing atmosphere. 
As the price of it is rather high, it is scarcely used except 
in plumbiferous glazes, in which it gives, with a moderately 
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oxidising working, a very bright orange yellow. It is extracted 
from an ore known by the name of pitch-blende, which can 
also be sometimes used direct. 

Titanium.—We have seen the colours that titanic acid can 
give to the body (Art. 147). In glazes it only gives yellow 
tints, due, partly at least, to the iron that raw titanic acid 
always contains in commerce. 

Antimony.—Oxide of antimony forms with lead a compound 
of a yellow colour. In all other cases it does not give any 
colour itself, but acts on others by making them opaque. It 
is usually employed mixed with oxide of iron, with which it 
forms a beautiful series of yellows. It is sold in the form of 
antimonic acid, and as an antimoniate of potash; these are 
obtained by treating metallic antimony. It may also be 
obtained in the form of antimoniate of lead, known by the 
name of Naples yellow. ° 

Gold.—Gold that is prepared under special conditions, which 
will be discussed further on, may be used for decorating pottery 
either as dull gold, which can be made brilliant by burnishing, 
or else directly as brilliant gold. If it is introduced into glazes 
as a chloride, it gives them a colouring that varies from rose 
to purple, which resists high temperatures, but has the disad- 
vantage of being dear. By mixing a chloride of gold with a 
chloride of tin, a precipitate of a violet purple is obtained, known 
by the name of Cassius purple, which, in glazes, gives beautiful 
rose, purple, carmine or violet colourings, but which, when the 
temperature is raised above 1,000° or 1,100° C., take a bluish- 
violet tinge and then disappear. 

Silver.—This metal also is added to glazes as a chloride, 
giving them a yellow colour which is seldom used. In the 
same way it is seldom used for silvering, because of the low 
temperature at which it fuses; but it is often added to Cassius 
purple. | 

Platinum.—As we shall see further on, platinum may be 
used to cover the ware with a layer of dull platinum, made 
brilliant by burnishing. Added to glazes as a chloride, it gives 
a grey colour, which resists high temperatures, but is somewhat 
costly. 
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Iridium.—This metal can be introduced into the glazes as 
an oxide, and then gives a colour varying from grey to black. 
It is very little used on account of its high price. 

185. Preparation of the Colouring Materials. — The manu- 
facture of the simple colouring materials is now done in special 
works. Each of these materials requires, in fact, special methods 
of manufacture, necessitating sometimes long preparations, if 
it is desirable to obtain them sufficiently pure. Besides, we 
must remark that the manufacture of them needs special know- 
ledge, and that it is considerably more economical when it is 
possible to deal with a larger quantity of the raw materials 
than is used even in the largest pottery. It is, therefore, useless, 
for the object that was proposed for this work, to enter on 
this subject into more detailed explanations; also, in what 
follows we shall discuss only the mixtures of the simple colouring 
materials, and the manufacture of certain compound colouring 
substances, which are often prepared in potteries We shall 
follow a classification based on the colours, dividing them into 
whites, blacks, greys, blues, greens, yellows, reds, browns and 
violets. 

Whites.—All the bodies which contain none or only very little 
iron oxide are white, and may be used as white slip. As to 
glazes, they can only be made white by doing away with their 
transparency. All the materials which cause opaqueness—oxide 
of zinc, calcium, arsenious acid, alumina, ete—which have already 
been discussed (Art. 132), are white; the choice then is only 
embarrassing. | 

Blacks.—Blacks can be obtained in different ways :— 

1. By using oxide of iridium alone, or oxide of uranium also 
alone, but only in a reducing atmosphere. 

2. By a mixture of two oxides, one of which must always 
be oxide of iron or of manganese, and the other the oxide of 
cobalt, chromium or uranium. Among these mixtures, the ones 
most used are those of iron and chromium, iron and cobalt, 
manganese and uranium. 

3. By the mixture of three or four oxides, composed always 
of iron and manganese, to which are added cobalt, chromium 
and copper. 
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In all these mixtures, different shades are obtained by making 
one of the colouring materials predominate. Thus, iron gives 
brown tints, cobalt blue tints, manganese violet tints, and chrom- 
lum green tints. These colouring materials are used directly 
in the form of oxides; yet sometimes the chromate of the 
protoxide of iron is also used; this is obtained by precipitating 
a solution of neutral chromate of potash by a salt of the 
iron monoxide, also in solution. 

Greys.— By lessening the proportion of black colouring 
materials, naturally we can obtain grey, yet the mixture of iron 
and cobalt is principally used. We must remark that grey is 
more difficult to get than black, because the mixture of colouring 
matter must be very precisely adjusted not to give the grey 
yellowish, greenish or bluish tints, which are very ugly. Platinum 
gives a beautiful grey, which has only the disadvantage of being 
costly. For this purpose, platinum, after having been dissolved 
in aqua regia, is precipitated by ammonia, and the liquid evapor- 
ated and then calcined. Thus an extremely fine powder of 
platinum is obtained. 

Blues.—All the blue colourings are given by cobalt. This is 
sold in the forms of oxide, carbonate, silicate or phosphate of 
cobalt. Unmixed, it gives a beautiful blue, which is slightly 
violet; as we have seen, by mixing it with oxide of zinc or 
with alumina ultramarine or sky-blue colours are obtained. 
The greenish-blue shades are obtained by mixing a little oxide 
of chromium; in the same way, the blue becomes more violet 
by the addition of a small quantity of oxide of manganese. The 
burning of the colours from cobalt must be done in an oxidising 
atmosphere, or at least a neutral one. 

We have seen that the oxide of copper with an alkaline glaze, 
and burnt with a decidedly oxidising firing, gives a beautiful 
colour, known by the name of turquoise blue. We must remark 
that the copper monoxide is black, and the dioxide red; it is 
only the silicate of the monoxide that is blue. 

Greens.—The green colours are produced by means of chrom- 
ium in the form of oxide of chromium. In alkaline glazes the 
tint of a bluish green is changed to green by a mixture of copper 
oxide. The bluish greens are obtained in all glazes by a 
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mixture of chromium and cobalt. The addition of a little iron 
makes them approach yellow and brown. A mixture of chromium 
and nickel also gives a green which is sometimes used. Similar 
to the greens furnished by copper alone, in boracic and alkaline 
glazes, it is very little used. 

Yellows.—The yellow colours are numerous; these are the 
principal :— 

1. Pure iron oxide, specially used in the body; at a high 
temperature turns brown. 

2. A mixture of oxide of antimony and oxide of lead, to 
which is often added a little iron oxide. 

3. Pure oxide of uranium, the tint of which becomes orange 
when lead is present. 

4, Oxide of titanium mixed with oxide of zine 

5. Chromic acid, but only in alkaline glazes. 

At high temperatures only uranium and titanium can be made 
use of. 

Reds.—Rose, reds or purples are obtained by iron, chromium, 
copper or gold, according to circumstances. 

1. The red colour due to iron can only be obtained at a 
temperature below 1,000° C.; above that it becomes brown, then 
blackish. In glazes its shade depends entirely on the way in 
which the iron oxide has been prepared. 

2. A mixture of oxide of zinc, carbonate of lime and a small 
proportion of ‘chromic acid gives a red colour called carnation 
red or pink, but only with an oxidising atmosphere. First, the 
mixture of the oxide and carbonate is finely powdered, a solution 
of bichromate of potash is added to it, then the mass is dried, 
calcined, powdered, washed and dried again. A certain quantity 
of quartz added to the mixture gives shades which are more 
decidedly red. 

3. By mixing chloride of gold with a white clayey body, 
added to which is carbonate of soda, the mixture taking place 
as a liquid paste, then being dried, a mass is obtained which 
has a beautiful purple colour, that resists high temperatures, but. 
which naturally is very dear. 

4. For low temperatures it is replaced by Cassius purple. 
This is obtained in the following manner: On one side a solution 
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of gold is made in aqua regia, which afterwards is evaporated to 
take away the excess of acid; then it is dissolved in water. On 
the other hand, tin is dissolved in concentrated hydrochloric acid, 
then evaporated, and the salt allowed to crystallise This is 
dissolved in water and half the solution is treated with a current 
of chlorine, which changes the chloride of tin into a dichloride. 
The two solutions of chloride and dichloride are put together, 
much diluted with water, the solution of chloride of gold is 
poured into it drop by drop. It makes a precipitate the colour 
of wine dregs, which is washed and dried. The method that 
has just been described can be varied in several ways, which are 
looked upon as secrets of manufacture by colour merchants. 

Sometimes chloride of silver is added to chloride of gold 
to make the Cassius purple redder, as it has a tendency to turn 
to violet. | 

5. We have seen that oxide of copper also gives a beautiful 
red colour, but only with a decidedly reducing atmosphere; 
the employment of it, therefore, is limited to certain decorative 
effects. 

Browns.—Browns are made by oxide of iron, either alone 
at high temperatures or mixed with the oxides of manganese, 
ehromium, cobalt or nickel, which give them the most various 
shades, 

Violets—The violet tints are only made in a direct way by 
manganese in alkaline glazes. In other cases we must have 
recourse to a mixture of cobalt with one of the red colouring 
materials already described, specially with pink. Lastly, Cassius 
purple, with a flux that is rather more alkaline than plumbi- 
ferous, and when chloride of silver is not present, gives violet 
colour. 

All the colouring materials ought to be very finely powdered 
and well mixed, in order to give a uniform colour and one that 
ig regularly spread over. This powdering is done either by 
means of mortars for very small quantities, or by using the 
processes employed for powdering the glazes (Art. 141). 

186. Properties of the Colouring Materials.—There aïe still a 
few remarks to be made on the combinations of the colouring 
materials, either with one another or with the other elements 
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in the bodies, glazes and fluxes, as well as about the effect 
they have on the fusibility and expansion. 

At relatively low temperatures, the colouring materials may 
combine together to form salts, the colour of which is not 
intermediate between the colours of the component substances. 
Thus we have seen that oxide of antimony and oxide of lead, 
both of them white, form an antimoniate of lead that is a 
yellow colour. In these combinations, in a general way, the 
oxides that have the symbol MO (M being any kind of metal) 
act as a base, those with the formula MO*, MO, or M0’ are 
acids, while those having the symbol M*O® or sometimes MO 
act, according to circumstances, as acids or bases. 

Thus the monoxides of iron, manganese and cobalt, and the 
dioxide of copper are basic, while the compounds of antimony 
and chromium are acids. Among the salts which can be formed 
thus may be mentioned: chromate and antimoniate of iron, the 
manganates of cobalt and chromium, the ferrates of manganese, 
chromium, cobalt, etc. 

By adding to the colouring matter properly so called other 
colourless metallic oxides, coloured salts can also be obtained, 
which have special shades. These colourless oxides, which have 
been mentioned among the raw materials for the glazes, are 
the oxides of tin, zinc and lead. The first, which is always 
acid, gives stannates, the second usually produces zincates, and 
as to the third, in the form of monoxide it makes bases, and 
plumbates when it is in the form of red lead. We may mention 
as examples the stannate of. chromium, the zincate of iron, 
antimoniate and chromate of lead, etc. 

Among the alkaline earthy bases, which may also be found 
mixed in colours, lime, baryta and magnesia constantly act as 
bases, while alumina more often plays the part of an acid. 
Example: chromate of baryta and aluminate of cobalt. 

Lastly, the alkalies (soda and potash) naturally are always 
basic, while boracic acid and silica are always acid. 

The number of combinations that can thus be formed ex- 
plains the numerous variations in the shades of pottery colours, 
as well as the impossibility of mixing, in a general way, several 
colours in order to obtain a middle colour. 
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When the colouring matter has to be fixed to the surface of 
the glaze, fluxes are added to it, that is to say, materials which, 
with the colouring matter, form vitreous compounds. Then it 
is easy to give the vitrifiable colour the desired composition to 
obtain the colour wished for; this, added to the low tempera- 
ture needed for baking them, explains why the series of vitrifiable 
colours sold by colour manufacturers is so rich, and comprises 
all the shades imaginable. 

The same is not true when the colouring materials or their 
compounds are mixed in the body or glazes, the composition 
of these not being dictated solely by considerations of colour. 
The result of this first circumstance is that the number of 
colours is noticeably diminished, but there is a second reduction 
which is more important, in the fact of the higher temperature 
needed for burning the body or vitrifying the glaze. Under 
the influence of heat the chemical affinities of the different 
substances present are modified. Particularly, the acid pro- 
perties of silica develop at the rate that the temperature 
increases, so that silicates are progressively substituted for 
_ antimoniates, ferrates, zincates, stannates, manganates, plumbates, 
aluminates, and at the temperature for burning porcelain the 
silica remains the only acid element, together with boracic acid. 

We see that it is advisable to try and retard as much as 
possible the action of silica, by forming, between the colouring 
matter and the other elements of the body or the glaze, com- 
pounds that resist it as much as possible. It may be admitted 
with Seger that the most stable combinations, from this point 
of view, are those that have the composition of spinelles, that 
is to say, which are formed by the combination of a protoxide 
and a sesquioxide. | | 

The preceding only applies, let it be understood, to the 
colouring materials that are capable of combining with the 
elements of the fluxes, the glaze or the body. Certain of them 
act, either by making them opaque by not entering into com- 
bination at the temperature at which they are burnt, as in the 
case of several colours for over-glaze painting, or else by 
remaining unattacked at high temperatures, such as gold and 
platinum. 
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The introduction of the colouring matter into the bodies or 
glazes generally has the effect of increasing the fusibility. Among 
the most usval colouring oxides, that of chromium seems the least 
fusible, then those of iron, manganese and uranium, and, lastly, 
those of cobalt and copper. It is advisable to take these facts 
into account, to modify, if possible, the composition of the 
body or glaze, so as to render them more refractory. 

As to what relates to expansion, it is known that all the 
colouring oxides make compounds with an expansion below 
that of oxide of lead (Art. 150); oxide of copper is the only 
exception. It is this property that makes it so difficult to 
obtain certain colours from copper, especially turquoise blue. 


§ 2. PROCESSES OF DECORATION. 


187. General Remarks on the Processes of Decoration.—No 
object in industries or arts lends itself to so many different . 
processes of decoration as pottery does. The body, on account 
of its plasticity, may take all kinds of form or decoration; the 
glaze itself may be a subject for ornamentation, and we have just 
seen that there are five methods of introducing colours into it. 
By employing either separately or simultaneously several of these 
decorative processes, most different results can be obtained, thus 
causing the art of sculpture to be allied to that of painting. 
There exists, besides, a series of processes of special methods, 
which multiply the decorative effects and allow them to be 
infinitely varied. A description of all the decorative processes 
that have been used would be entirely out of the scope of this 
work, and we will be content with summing up those which 
are, 80 to speak, classical, only mentioning the others and usually 
passing over in silence the decoration obtained by the simul- 
taneous use of several methods of ornamentation. It must also 
be well understood that the question of art will not be dealt 
with, and that we shall confine ourselves to giving some practical 
advice as to the best way of using the various methods of 
decoration. 

After having said some words about the decorative moulding 
of the body, we will deseribe the five processes for decorating 
with colour, then we shall speak of ornamenting by means of 
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metals, and, lastly, will be briefly mentioned some of the other 
methods which are the most used or the most fashionable. This 
chapter will be closed with some observations on the burning 
of colours, the last operation in the manufacture of the most 
complicated pottery goods. 

188. Decorative Moulding of the Body.—In Chapter IV. was 
discussed only the common fashioning of the shape, that is to say, 
that of which the object was the producing of a larger or smaller 
number of similar objects, and without taking account of certain 
details of manufacture of a purely decorative kind. It remains 
now to complete what has been said already, but from a decora- 
tive point of view. 

With this idea, the moulding may have two objects :— 

1. The creation of a unique decorative object. 

2. The decoration of objects that have been manufactured by 
one of the processes of industrial moulding. 

The moulding of an original decorative , piece of pottery 
naturally can only be done by modelling by hand, or, when the 
object is round, by forming it on a potter’s wheel, often finish- 
ing it off by turning. It is impossible to give precise directions 
on this subject, the processes employed depending entirely on 
the nature of the body and on the form of the piece. However, 
the following are some general observations about it :— 

Modelling and forming by hand need somewhat plastic clays; 
this is always the case for terra cottas and stoneware. The 
same usually applies to those used in the manufacture of faience ; 
on the contrary, the bodies for porcelain are much more sandy, 
and present special difficulties. Agglutinants are often obliged 
to be added to them; size, dextrine, etc. 

For the parts that are in high relief it is often more con- 
venient and sometimes it is even necessary to mould them 
separately, and to join or stick them afterwards to the principal 
object. The ease with which this is done makes possible the 
modelling of very undercut objects and those with thin and 
delicate raised pieces. 

The amount of damp in the body is of great importance. 
During the whole of the modelling the body must not be 
allowed to dry, being kept surrounded with damp cloths or 
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damped with sponges, but this inconvenience is done away 
with in: a great measure by the ease with which the body 
can be carved when, after the modelling is finished, it has 
been allowed to harden. The body then lends itself to exact 
working in which the joints can be lost, the thicknesses be 
lessened, and the contour be made exact. In sandy bodies this 
carving replaces modelling to a great extent, as the piece can 
only be formed more or less roughly in that case. Thus it is 
also possible to join on the very thin parts in high relief, which 
would get out of shape if they were put on when they were 
still plastic. 

It is very important to notice that it is impossible conveniently 
to dry and bake objects that have thick massive parts with other 
parts that are much thinner. If this should happen, it is abso- 
lutely necessary to hollow out the more bulky parts inside. 
When it is impossible to do this on a surface that is unseen, 
after the modelling is done, the body having become slightly 
firm again, the part to be hollowed out must be taken off in 
two or more pieces by means of metal wire, or with a thin 
blade. Each part is then hollowed out separately, the whole is 
stuck together again, and the joints are scraped off. Lastly, one 
must reckon for the shrinkage that all bodies have when drying 
(about one-tenth in plastic bodies), and the dimensions of the 
object must be increased at that rate in modelling. 

What has just been said applies just as much to the decora- 
tion of the body, the moulding of which has been done by 
machine. It is often much easier to mould certain ornaments 
separately, or certain parts that are much raised, and to join 
them or stick them on afterwards. This method of moulding 
is especially suitable for little figures in high relief, for wreaths 
and for medallions that are used for decorating the ware. 

The decoration by hollowed out designs that are frequently 
repeated may be done with stamps having the design cut in 
relief that it is desirable to print on the ware. They are 
pressed against the body when it is slightly firm, while it is 
held on the inside, if that is possible, to prevent it from getting 
out of shape with the pressure. When this hollowed out decoration 
forms a band in which the same motive is constantly repeated, 
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the stamp is replaced by a roulette wheel. These two processes 
in decoration are called stamping and beading. Engine turning * 
can also be used, the same as is done in other industries, 
and does not present any difficulty. Lastly, plaques of rather 
large size can be ornamented by a design repeated indefinitely, 
by passing them under an engraved cylinder, with the hollows 
that are desired raised in relief. ; 

When the body is nearly dry the surface can be polished 
by means of a horn; with this a shiny look can be given, at 
the same time as its hardness can be increased. Naturally, this 
is not done to unglazed ware. 

In certain cases the glaze may finish the moulding of the body. 
Thus, with small pieces of clay, it is possible to make plaited 
objects, which would easily break if they were dipped into a glaze, 
as this would fasten the small pieces together. Also small hollows 
can be made in the body, which would afterwards be filled with 
glaze, and these, when the glaze is transparent, form a style of 
decoration which is quite of a special kind. 

189, Colouring of the Body.—We have seen, in the chapter 
relating to firing, the different colours that the oxide of iron 
contained in the clay can give to the body. By mixing other 
colouring materials with it, coloured bodies of different shades 
can be obtained. 

The colouring matter ought to be added in the form of an 
extremely fine powder, and be very carefully mixed with the 
body, if it is desirable to have a uniform colouring. Some- 
times, so as to economise the colour, the surface only of the 
body is impregnated with it, when the body itself is very 
dry, or, better still, when slightly warmed. However, this process 
of impregnation very seldom gives uniform colours. 

We must remark, in order that the colours may be stable, 
and not be removed by washing for example, that it is necessary 
the temperature at which they are burnt should be high enough to 
ensure their combining with the elements of the body. If that 
is not the case, and if it is advisable to entirely prevent this 
combination, so as, for example, to prevent the action that 
alumina appears to exert on them, they are fritted beforehand 

* Or “ Dicing”. 
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in such a way as not to add them except in the form of stable 
compounds, and nearly always in the form of silicates. 

Now we will give some details as to the different colours 
that can be obtained : — 

Whites.—This colour is naturally that of the bodies which 
do not contain oxide of iron. We have seen that it is almost 
impossible to prevent the presence of it entirely, and that, 
notwithstanding a small proportion, white bodies can be got 
with a moderate heat for burning, but that, with vitrifiable 
bodies, a reducing atmosphere for burning must be used to 
obtain a slightly bluish white. 

Blacks.—Black is nearly always got by a mixture of oxide 
of iron and oxide of manganese. According as one or the other 
preponderates, the black approaches brown or violet. In ferru- 
ginous bodies it is sufficient to add manganese to them. 

For fine wares oxide of iron is sometimes used, to which 
a small quantity of oxide of cobalt has been added The 
mixture mentioned before, of the oxides of iron, manganese, 
cobalt and chromium, can also be used. 

It is also here necessary to call attention to that process 
of firing which consists with a very reducing working in 
reducing the oxide of iron, and depositing in the pores of the 
terra cotta particles of carbon, which result from the decom- 
position of the hydrocarbons that are given off from the gases 
of the furnace. | 

Greys.—Greys are naturally obtained with a smaller pro- 
portion of the oxides of iron and manganese. Yet, in order 
to have very light shades, it is necessary for the body first 
to be not at all, or only very slightly, ferruginous. 

The most beautiful shades are obtained by the mixture of 
oxide of iron and of cobalt ; the small quantity of the latter oxide 
that it is necessary to use makes this solution fairly economical. 
For fine vitrifiable bodies, the sesquioxide of iridium and chloride 
of platinum can also be used, either separately or mixed together. 

Blues.—Blue colours can only be produced with white bodies, 
to which is added oxide of cobalt. The shades thus obtained 
depend not only on the proportion of the colouring oxide, but 
also on the quantity of alumina that the body contains. If it 
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is aluminous, the colour is sky-blue; if it is silicious, the shade 
approaches indigo. This latter colour (Persian blue), however, 
can be got in silicious bodies by first fritting the oxide of 
cobalt with its own weight of oxide of zinc. In the same . 
way, the silicious bodies can be coloured sky-blue by first 
fritting oxide of cobalt with alum. 

Greens.—Greens are obtained by mixing oxide of chromium 
with a white body. It is essential that the latter should be 
as free from iron as possible, otherwise the tints will be pale. 
The various shades are obtained by varying the amount of 
the colouring oxide, and by adding a little cobalt for bluish 
greens. Sometimes also oxide of nickel is used, which by 
itself gives a bright green, though it is a trifle uncertain, and 
which, mixed with a little oxide of cobalt, produces an olive 
green. 

Yellows.—Yellow colours, orange yellow and yellow brown 
are produced in terra cottas by oxide of iron, by using the 
natural clays either alone or mixing them together for the shade 
desired. In vitrified bodies we have seen that with oxide of 
iron only a yellow body can be obtained when the atmosphere 
is an oxidising one; if the amount of the oxide is increased, 
then a blackish-brown colour is produced and not a deep yellow. 
In order to obtain the latter colour oxide of uranium must be 
used; this gives a beautiful yellow, but only when the atmo- 
sphere is decidedly oxidising. If it is a reducing one, the colour 


changes to a greenish grey. 


Reds.—In terra cottas the red colours are also obtained with 
oxide of iron, but, as we have remarked in the preceding chapter, 
that they do not resist a high temperature. In a general way, 
intense yellow and red colours are very difficult, if not quite 
impossible, to get in vitrified bodies. When they are very 
white, they can, however, be coloured rose by chrome red. In 
that case bichromate of potash must be fritted with pure 
alumina, and this frit when finely powdered is added to the 
body. The addition of a small proportion of oxide of cobalt 
makes this rose colour turn to lilac. 

Browns.—We know that this colour is given by iron oxide 


at a somewhat high temperature. For ferruginous bodies that 
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only need a moderate heat, it is easily produced by the addition 
of a little oxide of manganese. In finer white bodies a mixture 
of the oxides of iron and chromium is used, or iron chromate 
such as is found in certain minerals. A mixture of the oxides 
of manganese and chromium can likewise be used, or a frit of 
the oxides of zinc and chromium, obtained by heating sulphate 
of zinc with oxide of chromium. 

: Violets.—These colours can only with difficulty be obtained 
with oxide of manganese, or with chromium and cobalt. 

190. Coloured Slips.—We have seen in the chapter relating 
to slipping (Art. 114), that, under the name of slip, is meant 
a body put on the surface of another body that has been already 
moulded. As has just been said, coloured bodies can naturally be 
used as coloured slips to decorate objects made out of other bodies. 
This decorative process is made use of, either from economy, by 
giving to the surface only a colouring, or some quality that 
it would be too costly to use for the whole body, or else for 
decorating the surface of the body with paintings or with reliefs 
in different shades. 

In the first case the slip ought to be spread over the whole 
surface, or else only on the inside or outside of the piece, the 
ware being made of dry body or of a body warmed through 
by a first baking. The methods employed for putting on the 
coloured slip are the same as those mentioned, in Chapter IV., 
for colourless slips ; there is, therefore, no need to repeat them. 

In the second case the slip is usually put on with a brush, 
either on the raw paste, or on one that has been warmed through 
first, by employing the methods used for oil or water-colour 
painting. This method of decoration has been called ‘‘ barbotine ”. 
The decorated ware, after having been dried, may be baked, if 
it is to be left rough, or else it can be coated over first with a 
colourless glaze which naturally must be transparent, and then 
burnt afterwards. The background, or the painted parts only, 
can also be coated with glaze. 

In “ barbotine ” it is wiser only to use a small number of 
clear colours, without trying to give too much modelling to 
the design, and without trying to imitate oil painting in this. 
method. A dull or slightly monotonous look is avoided in this 
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style of decoration by making the background more showy than 
the painted parts, or vice versd. 

By making the liquid paste of the slip slightly stiffer it 
is possible to make relief decoration with a brush, thus forming 
a kind of modelling, which can afterwards have the edges and 
the higher parts touched up by carving them with small hand 
tools. 

The pasty slip may also be put into a pot with a very narrow 
spout, and be allowed to fall out drop by drop on to the ware, 
in such a way as to form round bulbs in relief, or lines or 
rosettes. This method of decoration is known as “ pastillage ”. 

By using a pot with several compartments filled with slips 
of different colours, and a number of spouts side by side, a 
many-coloured slip can just as well be allowed to trickle on to 


the ware, and thus marbled effects can be made. By covering 


the whole over with a glaze, imitations of different coloured 
marbles can be made. 

In certain cases, especially for paving tiles, sometimes during 
the moulding are arranged, on the surface of the piece, cells that 
can be filled with slips of different shades, the surface afterwards 
being levelled by means of a knife. 

Lastly, slip can be used for decorative purposes by incrusta- 
tion, formerly described (Art. 114). In that case little moulds 
are used, divided by partitions of thin tinplate which form the 
dutlines of the design that is desired, and these are filled with 
dried paste of various colours. After the separating partitions 
have been removed, the coloured slip is covered over with 
ordinary slip, which is also powdered, and the whole joined 
together by means of great pressure. A fuller description of 
these last two processes will be found in the articles devoted 
to the manufacture of tiles (Art. 250 and 274). 

191. Under Glaze Colouring.—This process of decoration con- 
sists of colouring the raw or burnt. bodies, either with or 
without being covered with slip, with colouring matter, and 
covering the whole with a colourless, transparent glaze, which 
develops and fixes the colours, We must ‘not confound it with 
under glaze barbotine painting. In the latter the colouring 
matter is fixed in the slip, while in under glaze painting it is 
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the glaze into which the colours penetrate under the influence 
of heat. 

When the whole piece has to receive a uniform colour, the 
method of putting it on described in Chapter IV. (Art. 114) is 
used, the -colouring matter, powdered very finely, having been 
mixed with a sufficient quantity of water, to which a little 
gum arabic, treacle, glycerine, etc., has been added, so as to 
make it more adhesive. When the body has been heated through 
first, it is often best to make it less absorbent by soaking it in 
water or in a gummy or albuminous liquid. In that case it 
is necessary to heat the piece sufficiently to make the body 
absorbent again before the glaze is put on it. : 

Immersion can also be used to produce marble effects. The 
colours ground up with water or spirits are, in that case, put in 
a bath of gum tragacanth dissolved in water, on which, after. 
they have been slightly stirred, they come to the top. Then 
the warmed piece is dipped into the bath, and absorbs the 
colour. 

If, on the contrary, it is desirable to cover the piece with 
a pattern, the colours may be put on with a brush, or by 
printing. 

For under glaze painting with a brush, the colours, ground 
to an impalpable powder, are, either with a muller or with a 
palette knife, diluted with gum arabic or spirits of turpentine 
on polished glass, and they are applied with a brush as in oil 
painting. The shading is obtained by tints put over one another. 
The ware thus decorated is afterwards dried, then coated with 
glaze according to the methods already mentioned. 

Decoration by printing is done in an entirely different way. 
For this are used copper plates, beaten out with a hammer; on 
these plates is engraved the design that is required to be re- 
produced. This engraving ought to be done by stippling, using 
the graver as little as possible. On the other hand, a mixture 
of the colouring materials, powdered very finely, is made very 
carefully with printing oil. This latter is made by heating 
linseed oil, with the addition of a little resin or gum. The 
mixing is done with a muller on an iron plate heated to 150° C. 
or in a special apparatus for mixing printing colours. 
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This mixture is then taken up on a spatula and spread over 
the engraved plate, care being taken to make it go into the hollows 
by means of a dabber; then the excess of colour is taken off and 
the plate cleaned. The plate being thus prepared, it is covered 
over with a sheet of thin hemp paper, previously soaked in a 
watery solution of soft soap, and passed under a press to print. 
Then, after having put it on a hot plate, which is generally 
heated by steam, the paper is detached, and on it the colour 
remains; the part containing the design is cut off and applied 
to the pottery to be decorated, by rubbing it down with a 
roller. At the end of several hours the piece is steeped in water 
and the paper detached with a sponge. The impression remains 
sticking to the ware, which is afterwards dried, heated to 150° C. 
or 200° C. to evaporate the oils, then covered over with glaze and 
burnt. | 

We see that, by this process, only monochrome designs can 
be printed. Therefore, the decoration is often completed by 
painting with a brush, or rather by colouring. 

In some cases the preceding process of printing can be re- 
placed by a chromo-lithographic printing. But this method of 
decoration will be described further @ propos of over glaze 
colouring. 

In under glaze colouring the colours must resist the tempera- 
ture for burning the glazes in which they are vitrified. The 
colouring matter used has been described in the last chapter. 
It is sufficient to supplement what has been said already by the 
following directions :— 

The background colours are distinguished from those used 
with the brush or in printing. The former must be somewhat 
liquid ; they are used either for colouring the whole piece, taking 
the place of a slip, or else to colour only certain parts, such as the 
edges of plates, or for making bands. The putting on of them 
is somewhat difficult if a uniform tint is desirable. Besides, for 
deep colours it is necessary to make them very thick, and to 
run the risk of their not being entirely dissolved by the glaze, 
in which case they remain dull and are liable to be detached 
from the body. 


The colours put on with a brush or printed on are more 
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numerous and need fewer precautions. As in the preceding ones, 
the composition of them depends on the temperature at which 
the glaze fuses; also it is wise, when the temperature is rather 
a high one, to try and give them such compositions as are 
sufficiently stable to be able to resist the action of the silica 
as much as possible. They are often mixed with a certain pro- 
portion of the body, especially when they are for porcelain. 

192. Coloured Glazes.—The colour, instead of being put into 
the bodies or on the surface of them, may be embodied in the 
glaze, which thus becomes a coloured glass. This method of 
colouring pottery is the one that gives the most brilliant colours. 

Coloured glazes are prepared like ordinary glazes, but with 
the colouring matter added to them. According to the colour 
used, they must be alkaline, boracic or plumbiferous. After 
having been finely powdered, water is added to them in such 
a way as to make a paste of the desired consistency. They are 
almost always put on the burnt body or else on one that has 
been warmed through, either covered with slip or else without. 

If the whole ware has to receive a uniform layer of glaze, 
the latter is put on by one of the processes used for putting 
on colourless glazes (Art. 142), specially using for it either that 
of immersion or of dusting, the body having been first coated 
over with gum arabic or with some other viscous material. 

When using these methods, certain parts that are intended 
to have a special decoration must be left out. Different 
methods are used for these reserves, the two simplest being as 
follows: the parts to be left out are covered, by means of a 
brush, with a coating made of chalk and spirits or gum, then 
the whole piece is dipped into a coloured glaze, and heated 
sufficiently to make the glaze adhesive. The painted parts that 
have not adhered to the body fall off of themselves, leaving the 
reserve bare. 

When these reserves have to be ornamented with glazes of 
different colours from those of the background, they can be 
first put on with a brush, after having been mixed with oil; at the 
time of dipping, the glaze of the background, which is prepared 
with water, does not adhere to the greasy parts) When the 
glazes are transparent, it is sometimes difficult, in dipping, to 
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get a perfectly regular thickness, though this is necessary for 
giving the whole piece a uniform colouring. In that case it is 
preferable, especially when required for large surfaces, to employ 
the method of putting on that has been described under the 
name of spraying (Art. 142). 

At other times, on the contrary, it is advisable to try and 
get different thicknesses in the glaze, so as to obtain darker or 
lighter shades. For this purpose, the body has hollow ornament 
that is obtained in the moulding, or else by engraving on the 
body afterwards. When it is being applied by spraying, the 
thickness of the colour can also be varied. 

Coloured glazes, naturally, can also be applied with a brush 
on the burnt or warmed body; but if they are put side by side, 
they have a tendency to mix together when they are vitrified. 
To prevent this trouble, they begin by tracing the edges of the 
design with a black glaze that is less fusible, of a fairly high 
relief. The cells thus made are afterwards filled with different 
colours. The ware decorated by this process has been called 
cloisonné enamel ware, in consequence of its likeness to certain 
enamels on metal. 

193. Over Glaze Colouring.—Lastly, colour can be placed on 


the glaze, either before the latter has been burnt or after it is 


vitrified. In the first case the glaze is nearly always an opaque, 
white enamel, which, at the moment of its vitrification, dis- 
solves and fixes the colours; these must naturally be able to 
resist the temperature for burning. In the second case the 
colours ought to be added to fluxes, that is to say, must be 
vitrifiable colours, which change to glasses at a temperature 
for burning below that of the glaze to which they adhere. 

The application of the colours on the raw enamel can only 
be done with a brush and needs great skill, because of the 
thinness of the glaze. The colouring matter is diluted with 
water, to which is added glycerine if they are absorbed too 
rapidly. It must be observed that, the glaze being nearly always 
stanniferous or plumbiferous, it is wise to take account of the 
action that the oxides of tin and lead may have on the colouring 
matter. The reduction of the number of shades that there are 
in consequence of this, added to the difficulties of application, 


20. 
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make this kind of decoration very little used, in spite of the 
harmony and depth that is given to the colouring. 

Over glaze painting with vitrifiable colours is, on the con- 
trary, a method of decoration which is very much used, not 
only in potteries but also by amateurs. Thanks to the low 
temperature at which the fluxes vitrify, an extremely rich 
pallet of colours is possible, and at the same time all the 
numerous difficulties are avoided that are presented by the other 
methods of colouring which have just been described. It is 
only fair to add that the colours are usually rather dull, and 
that the decorative effect cannot be compared with that of the 
colouring for hard firing. 

In order to manufacture vitrifiable colours, a suitable mix- 
ture of the colouring materials must first be made. They are 


_ usually combined together by dissolving the colouring oxides in 


hydrochloric acid, and precipitating them with carbonate of soda. 
The precipitate is washed, dried, and then calcined at a red heat. 

On the other hand, the flux is prepared, and this is a com- 
pound of white sand, red lead and borax in varying proportions. 
The mixture is melted in a crucible, and run off as soon as it 
is completely fused. When cooled, it is mixed in a suitable 
proportion with the colouring matter, and the whole powdered 
very finely. 

The most important pottery factories make their own vitri- 
fiable colours, the others buy them all prepared. 

For over glaze painting the vitrifiable colours are usually 
mixed with spirits of turpentine. They are applied with a brush, 
proceeding in flat layers over one another, as in water-colour 
painting. To obtain dark colours it is sometimes unavoidable 
to give to the layers thus put over one another such a thickness 
that the colour would scale off in firing. Then the piece is put 
a first time into the kiln, then it is re-painted on the vitrified 
colour and burnt again. This operation can be repeated several 
times, until the desired effect is obtained. 

The backgrounds in a single shade can be painted in the same 
way, but with a badger brush, and the layer is afterwards 
stippled up with a short-haired or polecat brush. The piece can 
also be coated with boiled linseed oil, with the addition of a 
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little resin, on which the dried and powdered colour is applied 
by dusting. 

The merchants of vitrifiable colours sell the colours ready 
prepared for amateurs, so that it is easy for anybody, no matter 
who, to think himself a pottery painter, by buying a white plate 
or vase, painting it and having it burnt. 

When a large number of similar objects have to be decorated 
printing is resorted to. For this purpose is used, either the 
method of printing in monochrome already described, or else 
chromo-lithographic printing. For this, they begin by tracing 
the original design in outline with lithographic ink and trans- 
ferring it to stone. This first transfer makes it possible, by the 
ordinary process of lithography, to produce a sufficient number 
of copies, which are themselves transferred to as many stones 
as there are different colours. The draughtsman then, following 
the outlines thus produced, traces with a brush, in lithographic 
ink, the parts which have to be coloured, each stone, naturally, 
being painted only on the parts corresponding to its colour, 
the rest of the tracing being afterwards wiped off. This done, 
the stones are washed over with acidulated water, which fixes 
the ink and gives a slight relief to it. By afterwards passing 
over the surface of the stone with a wooden roller, covered in leather 
and soaked in varnish, the varnish is left on the parts covered 
with ink. Then a sheet of paper, sized with gum arabic or 
dextrine, is taken, spread on the stone, and the whole passed 
through a printing machine. The paper is covered with the 
varnish, is raised, turned over and dusted with vitrifiable 
colour. After the varnish has been allowed to dry, the surface 
of colour is taken off with a soft brush, and the same process 
is gone through in printing the second colour. According to 
the number of shades to be obtained, this operation is repeated 
a greater or less number of times, care being taken each time, 
naturally, to repeat exactly the position of the sheet of paper, 
so that the different colours should occupy exactly their right 
places. Usually each design is reproduced several times on the 
same stone in such a way as to use all the surface. In some 
factories, the lithographic stones are replaced by suitably pre- 


pared zinc plates. 
28 
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The chromo-lithographic sheets thus manufactured are kept 
until wanted to be used. ‘They can also be bought. 

The transferring of the colour on to the ware is done in a 
very simple way. The design having been covered over with 
copal varnish and resin dissolved in spirit, it is applied to the 
ware, first with a roller, then by stippling, so as to get out any 
air bubbles. After having allowed the varnish to solidify in 
the air, the pottery is plunged into water, which dissolves the 
gum or dextrine from the paper; this paper comes off by itself, 
leaving the colour sticking to the ware. The piece, after having 
been washed, is dried in the air, heated in a stove to evaporate 
the varnish, and then put into the kiln 

This chromo-lithographic process is used specially for ornaments 
and flowers, but it gives moderately good results for subjects 
representing animals and figures. In that case it would be 
better to use photo-lithography, that is to say, by using photo- 
graphs in the place of original designs. Without entering into 
special details, we will simply say that the problem consists in 
transferring the modelling and the half tints of the photograph 
into a sort of engraving that can be reproduced by printing. 
Several processes can be used for this purpose. The simplest, 
which generally gives results that are satisfactory for pottery 
printing, consists in exposing to the light a plate of bichromated 
gelatine, covered over with a proof of the photograph that it 
is desirable to reproduce. When the length of the exposure 
has been satisfactory, the surface of the gelatine plate is inked 
by means of a printing roller, then covered with a sheet of 
paper, the whole put in the press, and thus a reproduction of the 
photograph is obtained on the paper; this is afterwards trans- 
ferred on to stone and treated in the same way as in the 
ordinary process of chromo-lithography. 

The colours thus obtained by printing on the glaze are, as 
we have already said, rather dull, especially so on account of 
the small quantity of colouring matter that it is possible to fix 
by chromo-lithography. Sometimes it is attempted to make them 
more brilliant by burnishing them after they are burnt, with 
a stipple and very fine sand. This process, which is long and 
costly, may be replaced by a mechanical arrangement, in which 
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the ware is pressed against the brushes, moved round and round 
very rapidly, adding emery powder to it. 

194, Decoration with Metals.—The metals that can be used 
in a metallic state for decorating pottery, are gold, platinum 
and silver. They are, in fact, the only ones, that, while being 
malleable, resist the action of oxidising and heat. 

Metallic gold can be used wnder glaze. In that case a sheet 
of gold is cut decidedly thicker than those intended for gilding, 
in such a way that it will take the form of a part of the 
decoration, and it is fastened to the burnt body by means of 
resin or with a decoction of quince pips) To give it a brighter 
look in decoration, the body can be first covered with a thin 
glaze, dusted over with grains of sand, which, when burnt, is 
covered over again, as we have just said, with gold leaf, and 
this is stippled with a short-haired brush, which gives it a granu- 
lated surface. The glaze is applied afterwards and burnt in the 
ordinary ways. The gold must not contain any copper, as this 
would oxidise and would soak into the glaze and colour it 
green. It must be noticed that the temperature for vitrifying 
the glaze must be below the temperature for fusing the gold, 
that is to say, below 1,045° C. 

Platinum can be used in the same way. Silver, being more 
easily oxidised and more fusible, is more difficult to use. 

The preceding method of decoration is only used in excep- 
tional cases, while, on the other hand, over glaze gilding is very 
frequently made use of, one might even add, too frequently so. 
In that process the gold is no longer in the form of leaf gold, 
but it must be reduced to an impalpable powder. For this 
purpose it is dissolved in aqua regia, and afterwards precipi- 
tated, either with a dilute solution of sulphate of iron, or 
by a solution of protonitrate of mercury. In both cases a 
precipitate of metallic gold is formed, and this is separated from 
the liquid by decanting, washed several times in boiling water, 
then dried at a temperature below 100° C. Powder gold prepared 
with mercury is more bulky, and consequently more economical 
and more used than that from protoxide of iron, which is more 
dense and solid. 

For fixing the powder gold thus obtained on the ware, it 
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must be mixed with a flux. For this a solution of nitrate of 
bismuth in nitric acid is employed. This salt being precipitated 
by water, about y,th of borax is added to it, and the mixture 
dried, then it is added to the gold powder in the proportion 
of jth or th. In certain cases a little borate of lead is added 
to it to increase its fusibility. 

After being burnt, the vitrified gold has a dull look, which 
can be brightened by burnishing it with agate burnishers, or 
else hematite or bloodstone ones, or with fine sand. It is best 
to rub it always in the same direction, so as not to scratch the 
gilding, and to add some liquid, such as vinegar for example, 
to make the rubbing softer, when burnishers are used. Certain 
parts may be burnished, so as to obtain effects of contrast be- 
tween the dull and bright gold. 

Platinum can also be used over glaze in the same way as 
gold. With this object it can be dissolved in aqua regia, and 
precipitated by means of carbonate of potash and sugar, or by 
caustic potash with the addition of alcohol. The precipitated or 
black platinum is dried, then calcined at the commencement of 
a red heat, and used as has just been described for gold. As for 
silver, it is obtained in the form of a powder by precipitating 
the chloride with zinc, and adding sulphuric acid to it. The 
nitrate also can be decomposed by means of a copper wire The | 
precipitate thus obtained is dried and used in powder the same 
as gold. 

The preceding metals can also be mechanically reduced to 
a powder by grinding them on a glass with some honey. This 
process, which has been used for manufacturing gold called 
Dutch gold, is very troublesome, therefore it is now scarcely 
ever used. 

195. Decoration with Metallic Lustres.—The lustres are formed 
of a very thin layer of metal, very finely divided ; this takes 
a metallic shine with iridescent effects when it has been heated 
at a rather low temperature, without which it is necessary to 
burnish it. The metals used are gold, platinum, silver, copper, 
iron and lead. The lustres are always applied over the glaze, 
and the more brilliant the latter, the more the lustres shine. 
There exist numerous recipes for obtaining decorative effects 
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very cheaply, but we will only mention those that are most 
used. 

Gold Lustres.—The best known of these lustres is bright 
gold, which, when burnt, has a metadlic brightness, but it resists 
wear less than dull gold that is made bright by burnishing, as 
we have just described. This method of decoration, also known 
by the name of Meissen gilding, is done with liquids that are 
sold by certain colour merchants; these carefully keep their re- 
cipes as manufacturers’ secrets. Thanks to competition, the prices 
have gone down so much that potters really do better to buy 
the lustres than to try and manufacture them themselves. 

The first thing is always to dissolve the gold in aqua regia, 
only, instead of precipitating the gold from the chloride thus 
formed, they try to separate this chloride in solution from the 
acid liquid, and to incorporate it in a mixture of spirits of 
turpentine and sulphur. For this purpose, after having added 
a little tin to the acid solution, it is slowly poured into a mix- 
ture of sulphur or balsam of sulphur and spirits. A yellow, 
viscous liquid is formed with greenish tinges, while the acid 
liquid which floats on the top is taken off by decanting. Rectified 
ether can also be mixed with the solution of chloride of gold,: 
and this seizes on the chloride and floats on the top of the acid 
liquid, which is drawn off. The ether liquid can then be added 
to, by the mixture of sulphur and spirits. However it is done, 
the mixture becomes of the consistency of syrup, then a flux of 
bismuth is added, as in gilding, and lastly it is diluted in a 
sufficient quantity of spirits of turpentine or spirits of lavender, 
so as to be able to be applied with a brush. | 

Fulminating gold can also be used; this is obtained by 
precipitating chloride of gold with ammonia. The chloride of 
gold is made by dissolving gold in aqua regia. A yellowish- 
brown precipitate is produced; this is separated and ground, 
while still damp, with the essential oil of turpentine or else 
with spirits of lavender. It is applied. directly on to the ware 
without being mixed with a flux. The precipitate must be pre- 
vented from drying at all costs, otherwise it would explode 
violently with the least touch. ° 

Lastly, gold is used for preparing the lustre known as burgos, 
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which only differs from the preceding lustres in that a larger 
quantity of spirit is used and less gold. The solution in aqua 
regia for this purpose may have the addition of 20 per cent. of 
metallic tin. 

Platinum Lustre.—The chloride of platinum obtained by 
dissolving that metal in aqua regia may be used directly in 
decoration. It is sufficient, after having concentrated the solution, 
to add an essential oil, spirits of lavender for example, and to 
spread the liquid on the ware with a brush. The lustre obtained 
has a steely appearance, but has the disadvantage of being 
nearly opaque. 

Thanks to the unchangeableness of the metals used, the 
preceding lustres can be burnt with an oxidising firing. It is 
not the same with the following ones, which, on the contrary, 
must be fixed in an atmosphere that is very distinctly reducing. 

Silver Lustre.—Chloride of silver must first be vitrified with 
a plumbiferous flux till it is like crystal; this makes a more 
or less yellow glass, which is powdered; and some spirit, and 
sometimes bismuth, is added to it, then it is applied with a 
brush. When burnt it gives the ware either a metallic look 
with yellow reflections, or a very rich iridescence, which has 
given it the name of cantharides lustre. 

Various Lustres.—Lastly, a whole series of lustres can be 
manufactured which contain the salts of silver, copper, iron and 
lead. According as one or other of these metals preponderates 
the lustre has different reflections. Copper gives a golden colour, 
silver a steely tinge, iron produces red. The metals are usually 
in the form of sulphides, and sometimes a little lampblack is 
added to them to help in reducing them. The colours are 
thinned either with vinegar or with thick spirit, and then 
applied with a brush. Certain colour merchants sell a whole 
series having the most varied reflections. 

196. Various Methods of Decoration.—Among the numerous 
different processes of decoration which have been used, and 
which cannot besides be classified, the following may be 
mentioned :— 

Crackling.—The defect which has been mentioned by the 
name of crackling, which arises from the relative contraction 
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of the glaze being greater, may be made use of as a means of 
decoration. In that case the antagonism between the body and 
the glaze must be fairly great, so that the latter should be 
cracked in a great number of little lines, forming a regular 
network that is larger or smaller. The ware can then be 
covered again with a second coloured glaze, that is more fusible, 
which would penetrate into the cracks and make them stand 
out by their different colouring. This method of decoration, 
in which the Chinese excel, is called crackled. 

Streaks.—We have seen that, in consequence of too long a 
baking or too high a temperature, the glaze may run down- 
This defect also has been made use of as a means of decoration. 
In this case are used glazes which have been made more 
fusible by having a fairly large proportion of borax intro- 
duced into them; they are usually coloured, and applied 
either on the burnt body or on another more refractory glaze. 
Marbled etfects, which are more or less unforeseen, are thus 
obtained. 

Flamed.—This process of decoration also consists in an in- 
tentional use of a defect. We know that certain colouring 
materials change colour according to whether they are burnt 
in an oxidising or reducing atmosphere. With oxide of copper 
especially this is the case. In the form of a protoxide, that is 
to say, when burnt in a kiln with an oxidising working, it has 
a green colour in boracic and plumbiferous glazes, and blue in 
alkaline glazes. On the other hand, in the form of a sesqui- 
oxide, that is to say, in a reducing atmosphere, it gives a red 
colour. By alternating the composition of the atmosphere, a 
succession of oxidising and reducing effects can be produced, 
so that the ware can have changing, capricious colours, which 
are quite as though unforeseen, more so still if the temperature 
is rather high; the oxide of copper in that case may partially 
volatilise, and let the body showing through the glaze appear 
uncoloured. 

Flowing Colours.—If the wares decorated with a design 
of certain colouring oxides are heated in an atmosphere con- 
taining volatile chlorides, the latter may attack the metallic 
oxide and also change it into a volatile chloride. This 
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chloride, by taking the colour from the design, spreads on to 
the surrounding white body, is decomposed there by contact 
with the silica, giving it a light, graduated tint, darker in the 
neighbourhood of the design and forming a sort of halo round 
it. The chlorated atmosphere is usually produced by putting a 
vessel on the top of the pile of saggers, containing a small 
quantity of chloride of lead, which has been obtained by dis- 
solving white lead in hydrochloric acid. With the paste thue 
obtained, little balls, about 4 inch in diameter, are formed, 
which are dried and placed in the vessels that have been 
first coated with lime, to prevent their fusing by contact 
with the lead. When the glazes employed are very plum- 
biferous, and when it would be inadvisable to increase the 
amount of lead in them, a mixture of six parts of sea salt and 
four’ parts of saltpetre can be made use of, these giving off 
alkaline chlorides. 

The principal colouring oxides which thus form volatile 
chlorides are oxide of cobalt, either pure or in its different 
combinations, which produces a low toned blue; oxide of nickel, 
giving brown; oxide of copper with a low temperature, pro- 
ducing green; and, lastly, oxide of iron, which gives a yellow 
that is not very agreeable. This process of decoration is used 
almost exclusively for earthenware ; it is useless to add that, for 
success, it is necessary to lute the saggers carefully. 

The following processes of decoration, on the contrary, re- 
semble those which have been described. 

After a coloured glaze has been applied, and when it is dry, 
it can be taken off in places, or it can be engraved in such a 
way as to let the body or a glaze underneath show. The friability 
of the raw glaze makes this operation very easy to do, never- 
theless it is necessary for.it to be done with a certain amount 
of dexterity, so that more glaze is not taken off than is wanted. 

An effect of being covered with pearls on the surface of a 
piece of pottery can be got by first covering it with a thin 
layer of a colourless glaze, over which, while still damp, grains 
of sand or of burnt ware powdered coarsely can be dusted. 
When burnt, the surface is coated again, spotted thus, with 
another glaze which forms around each grain a little vitreous 
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drop, which has more or less the look of a pearl. By replacing 
the sand by some of the body more finely granulated, a decora- 
tive effect is obtained that has been called moss. 

With the same kind of idea, small glass objects—pearls, 
spangles, jewels, ete, can be fixed on the body or on a first 
glaze, by means of a greasy spirit, with some flux added to it. 

The burnt bodies can be decorated with designs that seem 
to have been done with a black lead pencil, or with the coloured 
paste used for drawing in pastels. For this are used vitrifiable 
crayons, that is to say, vitrifiable colours enclosed in wood, which 
are used like ordinary pencils, only they must be sharpened 
by rubbing them on glass paper. These vitrifiable crayons were 
invented by M. A. Lacroix, the eminent chemist to whom we owe 
the introduction in France of the industry in vitrifiable colours. 

We may also mention again the decoration by means of photo- 
graphy, that is to say, of ceramic photography, which must not be 
confounded with photo-lithography, of which we spoke before. 

The process of which we are now speaking lends itself to 
reproduction. A sheet of ground glass is taken, covered with 
bichromate of potash, dextrine and grape sugar dissolved 
in water, and exposed to the light in a positive frame If a 
negative frame is used, the sheet of glass must be covered 
with an aqueous solution of perchloride of iron and tartaric acid 
After having allowed the proof thus obtained to absorb the 
humidity from the air, it is dusted over with a vitrifiable colour. 
The developing finished, the excess of colour is taken off, the 
glass is coated with a layer of normal collodion, and plunged 
into some slightly acidulated water. The collodion comes off, 
taking with it the vitrifiable colour, and is applied to the ware. 
If the collodion is placed underneath, it need only be dried and 
burnt; if, on the other hand, it has been applied to the ware 
on the side where the colour is, then the collodion must be 
taken off with a solution of alcohol, ether, and spirits of 
lavender. 

Lastly, there is a whole series of processes for decorating 
pottery without using heat, which may be called in general 
terms cold decoration. Pottery, or no matter what other sub- 
stance, can, in fact, be coated with ordinary paint, varnish, 
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lacquer, etc. Without desiring absolutely to condemn this kind 
of decoration, as some people have done, we will content our- 
selves with remarking that it does not belong to ceramics; 
therefore we will not enlarge upon this subject. 

197. Burning the Colours.—What has been already said in 
relation to burning the bodies and glazes will naturally apply 
to the burning for colours. As with colourless glazes, first must 
be studied the agreement between the body and the glaze, and 
the directions already given must be followed. The maximum 
temperature for burning, as well as the working of the fire, 
must be the object of a most minute attention. In theory, it 
is wise not to expose the colours too long to the temperature 
for fusing the glaze or flux, because of the ease with which 
some of them volatilise We know that this volatilisation is 
increased in great proportion when the wares are charged by 
the side of unglazed bodies It is still more to be feared for 
over glaze colours or for coloured glazes than for under glaze 
colours. Lastly, the metallic oxides on a piece may soil a neigh- 
bouring piece, when the charging is too close together, or when 
the pieces are of different colours. 

When the temperature for burning is very high, the charging 
is done in saggers in ordinary kilns; in all other cases muffle 
kilns are used with charging on slabs. For burning vitrifiable 
colours, which is done with a relatively low temperature, the 
fireclay slabs for charging them can be replaced by iron plates. 
Besides the methods for measuring the temperature already 
described (Art. 180), the tests for gold are often used for burning 
these vitrifiable colours. These tests consist of a test of the 
body covered with a gold colour fairly thick, the colour varying 
with the temperature, as is shown by the following table :— 








Pale violet 


Colourless or only slightly violet 1,000 Burning dull gold. 


| Q 
Colour of the Test. Tonperature Observations. 
eee ——————  — | 

| Degrees. 
Red brown 650 Burning lustres. 
Red . . | 800 ” . 
Rose purple 900 Burning vitrifiable colours. 
Rose violet . . . . | 920 n 
Violet . . . . . . | 950 

| 

| 


DECORATION. 443 


The working of the muffles for burning colours ought nearly 
always to be oxidising, and it is advisable to prevent any 
crack by which an entrance of the gases from the fireplace 
could take place. For the reds from copper and for certain 
lustres, on the contrary, a decidedly reducing atmosphere is 
necessary ; then a small ordinary kiln is used in preference, 
in which the ware is charged in open-work saggers. 


SECOND PART, 


SPECIAL POTTERY METHODS. 


CHAPTER IX. 


TERRA COTTAS. 


SUMMARY.—Classification. 


Sec. 1. Bricks: (a) Plain Ordinary Bricks—Forms and Dimensions—Moulding by 
Hand—Moulding by Machine—Manufacture by Expression—Manufacture 
with a Press — Repressing—Drying — Burning — General Arrangements of 
Brickfields. (6) Hollow Bricks. (c) Ornamental Bricks. (d) Vitrified Bricks. 
(ec) Light Bricks. 

Sec. 2, Tiles: (a) Ordinary Tiles—Forms and Dimensions—Moulding by Hand— 
Moulding by Expression—Menufacture in a Press with Semi-Soft or Semi- 


Stiff Body, and with Stiff Body—Drying—Burning—General Arrangements of 
Tile Works. (b) Black Tiles. | 


Sec. 3. Paving Tiles. 

Sec. 4. Pipes: Pipes for Gas Channels—Pipes for Water Courses. ° 
Sec. 5. Architectural Terra Cottas. 

Sec. 6. Vases, Statues and Decorative Objects. 

Sec. 7. Common Pottery. 

Sec. 8. Pottery for Water and Filters. 

Sec. 9. Tobacco Pipes. 


Sec. 10. Lustre Ware. 


Sec. 11. Properties and Tests for Terra Cottas: Causes of Disaggregation and the 
Remedies—Methods of testing Terra Cottas. 


198. Classification. —We have seen in Chapter I. that terra 
cotta is porous pottery, not covered with a glaze, the body 
of which cannot be heated to a temperature above that for 
burning hard porcelain without losing its shape or vitrifying. 

This class contains wares that are very different in form, 
use and aspect; yet, the characteristics just mentioned nearly 
always allow of their being distinguished unhesitatingly from 
other ceramic productions. 

In order to distinguish between the different kinds of terra 
cotta the physical properties of the body cannot be relied upon, 
as they are usually the same for all; therefore we are obliged 
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to introduce the differences in form and use. Taking this as 
a basis, the following are the different kinds of terra cotta 
which will be studied in this chapter :— 

1. Bricks, or terra cottas used in constructing the walls of 
buildings. There are five varieties :— 

(a) Plain ordinary bricks. 

(6) Hollow bricks. 

(c) Ornamental bricks. 

(ad) Vitrified bricks. 

(e) Light bricks. 

2. Tales, or terra cottas used for the outside of buildings. 
There are two varieties :— 

(a) Ordinary tiles. 

(6) Black tiles. 

3. Paving tiles, or terra cottas, intended for clothing walls 
or pavements. 

4. Pipes, or terra cottas used as channels for gas or liquids. 

5. Architectural terra cottas, generally used for decorating 
buildings. 

6. Vases, statues and decorative objects. 

7. Common pottery, used for domestic purposes. 

8. Pottery for water and filters. 

9. Tobacco pipes. 

10. Lustre ware, the body of which is covered either wholly or 
partially with a coating called by the name of lustre, midway 
in look between a slip and a glaze. 


$ 1. Bricks. 
(a) Plain Ordinary Bricks. 


199, Forms and Dimensions. — The bricks! used by the 
Egyptians, Assyrians and Romans were noticeably larger than 
those manufactured at the present time ; often they were rather 
in the form of slabs) The following table shows the dimensions 
of some of the best known types of bricks :— 


1 From the ancient Anglo-Saxon brice (a fragment); French brique; Provencal 
briga (crumb). 
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Ancient Bricks. Dimensions in Centimetres. Volume in Cubic 
Susiane (Mission Dieulafoy) . . 80 15 15 6°75 
» » . . 80 15 75 3°38 
Roman . . . . . . 59°4 59°4 55 19°40 
” . . . . . . 44°59 44°5 5 9-90 
” . . . . . . 212  21°2 4 1:80 
Languedoc (11th and 15th century) . 38 25 6 4:95 
Modern Bricks. 
France: Burgundy . . . . 22 11 5'5 1:38 
Marseilles . . . . 29 11 5 1:21 
» ” . . . . 22 11 7 1-69 
” Paris (Vaugirard) . . 22 11 6 1°45 
” yoo . . . 22 11 6'5 1:57 
5 largest type . . . 28 11 7 1:77 
” smallest type . . 20 10 5 1:00 
» type proposed by the Pottery 
Union . . . . 22 10°5 5°5 1:27 
” type proposed by the Archi- 
tects of the North . . 22 10°5 6 1°39 
Germany: normal type . . . 25 12:38 6'5 2°08 
England: largest type. . . 25 °4 12°4 76 2°39 
” smallest type . . . 23°6 11°5 76 2°04 
Austria: largest type . . ; 29°5 15°2 6°7 3°00 
” normal type . . . 25 12°5 6°5 2-03 
Belgium: smallest type. . . 17°6 8°5 4°5 0°68 
United States . . . . . 19°7 9°8 5 0-98 
Mexico . . . . . . 26 18 6°5 2-20 
Netherlands . . . . ; 26 12 5°4 1:68 
Switzerland : largest type . . . 27 14 6°5 2°45 
” normal type . . 25 12°5 6°5 2-03 


All the bricks are of a parallelopiped form. Only some 
Roman bricks were triangular. 

At the present time, in all countries, there seems to be an 
agreement to make the bricks with a volume varying between 
130 and 59 cubic inches. The length ought to be double the 
width, reckoning for a joint 0°39 to 0°24 inch. This width 
must not be more than 4°68 inches, so that a bricklayer can 
easily take the brick between his fingers when it is lying flat 
down. | 

It follows that the length ought to be at the most equal to 
9°75 inches. As to the thickness, it must hardly be more than 
2°75 inches, so that the drying does not take too long, and 
must not be less than 1:95 inch if the price of brickwork is not 
to be increased. The normal German type, on the one hand, 
and the type proposed by the sony Union of France, on the 
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other, can then be reckoned as the two limits for the most 
convenient measurements. 

200. Moulding by Hand, — Ordinary bricks are frequently 
moulded by hand For this, rather sandy bodies ought to be 
used, so that they should not have too great a tendency to 
stick to the moulds, on account of their consistency, which is 
necessarily very soft. 

The preparation of the bodies usually consists of a simple 
mixing together (Art. 87). The treading with the feet or by 


Fig. 189—The Mill for Mixing. 


animals ought to be absolutely condemned. As in hand brick- 
fields there is usually no motive power, the mixers used are 
worked by an arrangement in which the rod is fastened directly 
on to the vertical bar. Fig. 189 shows the arrangement gener- 
ally used. 

It is wise to first make the clay of the required consistency 
by moistening it either in a heap or a pit (Art. 84). If a 
sandy substance has to be added to it, the amount is put to the 
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volume at the entrance of the mixer. The production of these 
mixers varies from 264 to 53 cubic feet an hour when they 
are worked by a horse. 

The body having thus been prepared, the moulding is pro- 
ceeded with This is done on a table before which the moulder 
stands. We have seen (Fig. 86, page 206) the drawing of a 
wooden mould. Iron moulds or wooden ones that are strengthened 
by iron bands can also be used. In some localities two moulds, 
fitting together, are employed; in others the mould, instead of 
being a simple framework, has a bottom to it. | 

To prevent the body sticking to it, the mould is first dipped 
in a bucket of water, or else well dusted over with sand. The 
former method gives the bricks a more pleasing look, but they 
are more liable to split in drying. 

In all cases the moulding is done by taking up a slightly 
larger quantity of the body than is necessary, knocking it 
sharply into the mould and afterwards levelling the upper 
surface with a scraper. When the mould has no bottom, it is 
afterwards drawn to the edge of the table, then, by putting 
the hand underneath, it is turned over in such a way as to set 
it on edge. In this position it is raised to carry it on to the floor, 
where it is turned over again, so that the face that was upper- 
most at first, is placed on the ground Thanks to the slight 
shock that is given to it while putting the mould on the floor, 
it is easily taken out of the mould by raising the mould up 
vertically. In some localities the mould, instead of being put 
on the table, is put on a little board, which is taken up with 
the mould, it being taken out of the mould on the floor by 
drawing this board away. If the mould has a bottom to it, it 
is only turned over when being taken out of the mould on 
the floor. 

The moulders of different countries each have their special 
methods, to which they are accustomed from childhood, and 
which it is not possible to make them alter. They work in 
gangs, composed of the moulder, and one, two, or three women 
and children, who help to carry the bricks and take them out 
of the moulds. When preparation of the body is done by 
kneading, this operation requires one or two more workmen. 
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The number of bricks made by a moulder depends upon his skill 
and the nature of the body. Under the most favourable cir- 
cumstances the number may be as much as 600 to 700 bricks 
an hour, but then they will be rather defective ones, because 
the body used is too soft. The more the stiffness is increased, 
the more the quality improves, and the less the production is. 

In order to have bricks of a good appearance and of the 
best quality, it is necessary to use a body of such a stiffness 
that it is not easy to take them out of the moulds, when the 
moulds that we have just mentioned are used. Then moulds 
that can be taken to pieces are used (called open moulds) which 
may be constructed in different ways, but the most usual type 
of which is shown in Fig. 190. In this case the quantity pro- 
duced is reduced to 150 or 200 bricks an hour. 


Fic. 190.—Open Mould. 


201. Moulding by Machine.—In the first machines used for 
making bricks, the moulding by hand was naturally imitated, 
as it has just been described. The arrangements made for this 
purpose have been very numerous, but in spite of very consider- 
able differences in the working and the look of them, the prin- 
ciple was always the same; to introduce a surplus of the body, 
which was rather soft, into a series of moulds, and to try and 
compress by causing these moulds to pass under a cylinder, a 
drum, or some kind of a stone with a rotatory motion, The 
body was put in by means of paddles, screws and propelling 
cylinders; sometimes the bottom of the mould was movable, 
and by raising it the pressure was increased. 

All these machines, of which the description can be found 
in works of pottery of some years back, are no longer used, 


TERRA COTTAS. 453 


or, at least, there is no reason for them to be. In fact it is 
best to take into account that, with a body of a soft con- 
sistency, moulding by hand is the best and most economical 
method of working. It has the great disadvantage of making 
the ware impossible to be handled, requiring considerable space 
for drying it, shrinking very much, and consequently being 
very porous, and having little power of resistance. If then, 
in making by machine, a body as soft as that for hand mould- 
ing is made use of, the same disadvantages are met with, 
without any advantage to make up for them. Making by 
machine is of no use if they cannot be made with stiffer 
bodies, thus making goods which can more easily be manipu- 
lated, piled up, and dried, and which are at the same time 
of a better quality. 

From an economical point of view, except in some excep- 
tional cases, the direct expenses of working will always be 
higher if machines are used, but, on the other hand, the total 
expenses of the manufacture can be lessened by the arrange- 
ments being well considered, by having suitable raw materials, 
and then the buyer pays the extra charge which is demanded 
by a better quality. At the present time there are only 
two methods of machine moulding for plain bricks: the ex- 
pression of them from half soft or half stiff bodies, and 
moulding in a press of a body that is more or less dry. 

In some cases the bricks made, either by hand or by ex- 
pression, may be worked over again in a press, to which process 
the name of repressing is given. We will now examine these 
different processes more in detail. | 

202. Manufacture by Expression. — When being made by 
expression, the stiffer body must necessarily be more plastic 
than for hand moulding. It is prepared as was described in 
Chapter III. (Art. 84 and following ones); it usually consists 
of a mixing and a making it homogeneous, first by rolling 
and then by being worked up together. Nearly always a single 
machine is made use of for preparing the body and manu- 
facturing the things as well. 

The dies (Art. 102) are, at the present time, nearly always 
lubricated with water. The bar of clay that exudes may have 
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a size and thickness corresponding to the length and breadth 
of the brick. It is then sufficient to cut it into pieces of the 
thickness desired for the bricks. The dies of this kind, called 
cross cut, make bricks that are smooth on all the surfaces that 
are likely to be seen, while the two large surfaces that receive 
the mortar are roughened by being cut with a metallic wire 
In some cases the bar of clay is the size of the breadth and 
thickness of the brick, the cutting then being done at intervals 
equal to the length. 

In the same way a greater breadth can be given to the bar 
of clay, and it can be cut afterwards when it comes out of 
the die, by means of several wires stretched across, as shown 
in Fig. 191. The space between these wires is equal to the 


Fia. 191.—Die for Plain Bricks. 


thickness of the brick, the height of the die equal to its 
breadth, so that it is necessary afterwards to cut the bars that 
are side by side into pieces equal to the length With this 
die, termed longitudinal cut, there are only the two long 
surfaces that are smooth, all the others, being cut by wires, 
are rough, because generally two bars of body side by side, 
about three-quarters of an inch thick, are taken off, so that 
the two end bricks do not have one smooth face and one other 
a rough one. 

As regards the dies, in a general way it must be remarked 
that, the body not being very stiff, the goods, by rolling after- 
wards on the cutting board, and while being taken to the 
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drying ground, have a tendency to sink down by their own 
weight. It is best, when possible, to slightly diminish the 
dimensions of the lower parts of the die so as to counteract 
this change of shape. 

Among the five classes of propellers used in pottery (Art. 
103) those with pistons are not used for making plain bricks, 
on account of their small delivery. As to propellers with 
blades, Fig. 77 (page 201) shows an arrangement used in the 
case where the motive power is furnished by a horse-gin. 
A similar machine with a larger output, having two draw plates, 
set in motion by an underground power, is constricted by M. 
Schlikeysen. The output of this style of machine varies, ac- 
cording to the one used, from 700 to 4,000 bricks an hour 
(22-11-6cm.), with the expenditure of from 5 to 20 horse-power. 
We see that there are no rolling mills, and that if there were, 
they ought to be placed by the side, the rolled body being auto- 
matically introduced into the machine for working it up by 
means of an endless band. 

The screw propellers are most used, and the inventing of 
them has made a great advance in the machine making of plain 
bricks. It is seldom that the screw is used for the propeller 
alone, it is nearly always arranged in such & manner as to 
serve at the same time for a horizontal mixer. 

For this purpose the hinder part of it is composed of mov- 
able and fixed paddles, a description of which has been given 
in Art. 87; these act as a mixer, while the front part of it 
has a regular helix form (Fig. 78), and serves as a propeller. 

The dimensions of these different parts, the inclination of 
the passage, and the speed of the rotation must be suited to the 
stiffness and the plasticity of the body. The most suitable 
consistency is that of a half firm body, which allows of five 
to ten rows of bricks to be piled up on coming out of the 
machine. If it is weaker, then it has the disadvantages of 
bricks moulded by hand, which have just been pointed 
out. If it is stronger, the power expended becomes very con- 
siderable. As to its plasticity, it ought to be sufficient for the 
body to take a regular shape, without being torn about when 
it comes out of the draw plate; but when this state is reached, 
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it is wise not to pass it, as a too plastic body has the same 
disadvantages as a too stiff body, that is, an abnormal increase 
of necessary power is caused or a considerable diminution in 
the output. 


Fia. 192.—Brick Machine. 


When the body does not contain kernels or stones it can 
be put direct into the working-up machine; in other cases it 
must first be rolled, and for this very often a working-up 
machine has a pair of rollers fixed above it. 
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Figure 192 shows a machine that is much used in Germany. 
It is arranged to work up the more difficult bodies that 


Fic. 198.—Brick Machine. 


need two rollings It will be noticed that there is a fifth 
cylinder placed immediately over the screw; the object of 
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that is to push the body against the blades, which, by their- 
rotation, move in an opposite direction from that of the screw. 
The output of these machines varies from 1,000 to 4,000 bricks. 
an hour for from 10 to 30 horse-power. 

Figure 193 represents a machine of the same kind, constructed 
by MM. Boulet et Cie In this one the rollers are placed 
directly over the working-up machine in such a way as to. 
push the body into it According to the size, these machines. 
produce from 500 to 2,000 bricks an hour, for an expenditure 
of 4 to 15 horse-power. | 

À large number of machine manufacturers make similar 
machines, taken from the type invented by Hertel, which only 
differ from one another in the construction of the details Yet. 
some of the machines, instead of having only one die plate, 
have two, placed side by side and more or less inclined to the. 
axis of the screw. In principle, this arrangement, by making 
the passage of the body more difficult, increases in a large 
proportion the power expended, therefore it is not to be re-. 
commended. 

As the last example of a screw machine, we may mention 
that constructed by Messrs. Chamber Brothers & Company, of 
Philadelphia, shown in Fig. 194, which differs from the pre- 
ceding ones and shows some interesting peculiarities The 
rolling is done, if there is any, by rolling machines placed on: 
the ground, and joined to a high hopper, which is over the 
mixer, by an endless belt. A small cylinder, with a quad- 
rangular section, forces the clay against the blades of the. 
screw. This, which is shown on the plate, supposing the body 
of the machine to be transparent, is composed of two quite. 
distinct parts. One, in the cylindrical body, is a mixer with 
blades; the other is a truncated, helix-like propeller. The bar: 
of clay has for its width and height the width and thickness. 
of a brick. It comes out of a die, the walls of which are 
heated by steam, thus giving the surfaces a kind of lubrication-. 
A hopper, placed above the outlet, contains sand, which is. 
dusted on to the bar of body by means of a separate mechanism. 
Lastly, a safety-valve, kept in place by a counter-weight, pre-. 
vents the pressure on the body from going beyond a certain. 
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limit. The output of this machine may reach 4,000 bricks an 
hour. 


Fia. 194.—Brick Machine. 


In all these machines that work continuously, movable 
cutting apparatus ought to be used (Art. 104), such as those 
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shown in Figs. 192 and 193. In these the wire, while cross- 
ing the clay, has a tendency to tear the edges as it goes out. 
This trouble can be remedied by placing two wires, as shown 
in Fig. 195, which represents a cutting apparatus constructed 
by M. Groke. The wire placed vertically describes a circle 
the same as in the other machines, while the sloping wire 
makes a groove in the hinder and underneath parts of the 
bar of the body. 

The cut bricks are raised from the board either with the 


Fic. 195.—Cutting Apparatus. 


hands or by sticking two or three pronged forks into them. 
It is this part that limits the output of the machines.to 2,500 
or 8,000 bricks an hour at most. 

They have tried to cut the bricks automatically, and several 
arrangements have been proposed with this object, but, for the 
most part, without any satisfactory result. We must, however, 
mention the process invented by Messrs. Chamber Brothers & 
Company, which, notwithstanding its complication, is at pre- 
sent the best solution of the problem. As shown in Fig. 196, 
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l which is a continuation of Fig. 194, the bar of clay is received 
on an endless band, which moves with a speed equal to that 
at which the body comes out. This speed is regulated by 


Fic. 196.—Cutting Apparatus. 


means of a sloping lever: the vertical lever, shown at the left 
of the drawing, is used for unfastening it. At the end of this 
endless band there is a vertical wheel, which turns with a 


462 TREATISE ON CERAMIC INDUSTRIES. 


speed corresponding to that of the band, and is furnished 
with seven arms carrying wires, which, by their circular move- 
ment, cut off the bricks at the desired length, The bricks when 
thus cut off are pushed on to a second endless band, that moves 
more rapidly, so that they are separated from one another, 
and they can afterwards be taken up separately by a series of 
workmen, who stand by the table on which this second endless 
band runs) Thanks to this process, as many as 200 bricks 
a minute can be made. 

The propellers with two screws that were mentioned on 
page 203 have been used fairly often in the manufacture of 
plain bricks. We have already said that the working-up of 
the body done by two tangential screws is not very good, and 
that the goods when they come out of the die plate are 
sometimes imperfectly stuck together. These machines are 
always surmounted by a pair of rollers, the object of which 
ig to roll the body and divide it into pieces that can be caught 
hold of by the little helix of the screws. As is seen in Fig. 
197, which represents a machine of this kind constructed by 
MM. Boulet et Cie, the whole arrangement is very much the 
same as in machines with one screw. Their output varies, 
according to size, from 600 to 1,500 bricks an hour for an 
expenditure of 3 to 10 horse-power. 

As to propellers with cylinders, although they are more 
logical than the preceding ones, they do not seem to give 
good results in the manufacture of plain bricks, except by 
using soft bodies. Besides, it can easily be understood that 
the passing from a large and very thin section, like that which 
exists between the cylinder propellers, to a section that is 
almost square in the die for plain bricks, will only work 
comfortably when the body is a plastic one, and not at all 
stiff 

203. Manufacture with a Press.—We have seen that the 
manufacture of bricks in a press is now done almost exclusively 
with a dry body. That is to say, that the raw materials are 
in the state of a more or less damp dust, and not in the form 
of a paste, in the ordinary meaning of the word. The goods 
thus obtained have a granular look, and need more burning 
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to replace, by commencing to vitrify them, the absence of 


Fic. 197.—Brick Machine, 


cohesion in the body. This process is used to join together 
very sandy materials, pressure partly making up for the lack 
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of plasticity, or even when, with the object of manufacturing 
them cheaply, it is desirable to simplify the preparation of the 
body and to leave out, more or less completely, the drying 
of them. 

The body is nearly always a sandy clay, unmixed, that is 
simply reduced to a homogeneous powder, and is given as 
much dampness as corresponds to the pressure that can be 
dispensed with. This can be prepared from hand to hand in 
its course, by cutting up the clay by means of a scraper, or 
by allowing it to break up in the open air, and then moistening 


Fig. 198.—Brick Press. 


it afterwards For large quantities, either granulators (Art. 
71) are used, or mixers. It is only by being granulated and 
mixed up together very carefully at first that bricks of a satis- 
factory quality can be obtained. 

There are a very large number of presses on very different 
systems; a complete description of them would only have a 
moderate interest, and would overstep the limits of this work, 
so we will content ourselves by giving some examples of them. 

Moulds are always by pressure and usually are arranged 
on one of those methods that have already been described 
(page 2238). 
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For small quantities, a pressure by shock may be made 
use of, of which an example has been given (Fig. 105, page 225). 
Fig. 198 shows a machine of the same kind, which is very 
much used in small brickfields The moulds, which are usually 
of bronze, two in number, have movable bottoms and a cover 


Fia. 199.—Brick Press. 


with hinges, which is closed by means of a -hook, after the 
moulds have been filled by hand with the dry body. By 
using a double lever, a pressure is exerted on the bottom, then 


the cover is opened, and by means of a pedal the bottom is 
30 
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raised up so as to help to take the brick out. A moulder with 
two helpers can thus make about 300 bricks an hour. 

For larger quantities and with goods of a better quality, 
presses with a continuous motion, worked by a motor, are used. 
The press constructed by MM. Boulet et Cie, which is shown in 
Fig. 110 (page 230), was a first example of this kind of machine. 
It can produce 800 to 1,000 bricks an hour, with an expendi- 
ture of about 3 horse-power. 

The machine shown in Fig. 199 works in a similar way. 
The six moulds are filled with clay, the upper die is lowered, 
first rapidly, then, after a very short time of stopping, it gives 
a second pressure more firmly, after which the bottoms of the 
moulds are raised in their turn to exert a third pressure. They 
are taken out of the moulds, as in the preceding presses, by 
the bottoms being raised quite up. A machine placed in front, 
acting on one corner, allows the thickness of the brick and 





Fic. 200.—Brick Moulds. 


the pressure to be regulated. Lastly, the moulds and dies are 
heated by steam pipes to prevent them from sticking. 

Hydraulic presses, the working of which would be the same 
as that of the eccentric ones, or of those with cams, are not 
used for making plain bricks, because of their small output. 

By using damper bodies, less powerful machines can be 
employed with good result, but are only suitable for very 
common goods. The following are two examples of this kind 
of press, very much used in the United States. 

Six wooden moulds joined together, strengthened by iron 
facings, are used, similar to those shown in Fig. 200. They 
are placed under the press, which fills them, compresses the 
body and pushes them on to a board from which they are taken 
off, while a new group of moulds is put in their place. 

Generally, these presses are used with the machines for 
working up the clay that granulates and forming it into a homo- 
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geneous mass Fig. 201 represents a machine of this kind, 
roughly constructed, with a vertical working-up machine, while 
in Fig. 202 the press has a horizontal one. The output of 
these presses is from 2,500 to 3,000 bricks an hour. 

We see that in all the preceding machines the shape of the 


Fic. 201.—Brick Press. 


moulds is the same, and the pressure is always exerted by the 
plunger and also by the bottom. This arrangement is not, how- 
ever, obligatory, and some presses are differently constructed. 
It is impossible to describe all the types that have been suggested. 
We will confine ourselves to the mention of the press shown 
in Fig. 203, which is known by the name of the Leviathan. 
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The clay is put into a vertical pug with two driving shafts, 
which push the clay into four moulds, sunk into four vertical 
dises which each carry four moulds, making sixteen in all 
These dises make a quarter turn each time, and then stop. In 
the first position they are filled with the body; in the second, 
which is not shown in the figure, the body is compressed at 
the same time by the die and the bottom; in the third the 
bottom takes them out of the mould, the bricks falling on to 
a circular disc; lastly, in the fourth position, represented in 
the front of the drawing, they are automatically lubricated by 
oil thrown on them by a little pump. The yield of this 
machine is 4,000 bricks an hour. 


Fic. 202.—Brick Press. 


204. Repressing.—Bricks can also be manufactured in two 
separate operations In the first the bricks are fashioned of 
plastic body by one of the methods already described; then, 
when they have been dried and are of a leathery consistency 
(firm body), they are pressed in such a way as usually to give 
them a parallelopipedal form, with hollows of a truncated 
pyramidal form on the two large faces. The object of these 
is to force the body to push towards the edges when pressed, 
and to diminish the thickness of the joints by leaving a place 
for the mortar. 

In some cases-the object may be to give a perfect form to 
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the goods, which it would not be possible to do precisely when 
made rough in soft body. 

Before mechanical methods were used, sometimes the dried 
bricks were struck with flat wooden beaters, to regulate the 
shape and harden the surface. This process is no longer used 
for bricks. 


Fic. 203.—Brick Press. 


As for presses, so also in repressing, only moulds for press- 
ing are used, and these may work either by a stroke or by 
pressure. Generally the repress machines worked by hand 
have a stroke; they are movable in such a way as to be able 
to be put down in the drying ground and thus avoid the 


470 TREATISE ON CERAMIC INDUSTRIES. 


bricks being carried. Fig. 204 shows the most usual type of 
repress machine. The brick is placed on the bottom of the 
mould by a helper, then the workman, standing on the plat- 
form shown in the front of the plate, seizes .the lever and 





Fic. 204.—Repressing Machine. 


throws it violently down, leaning on .it in such a way as to 
make it bear the weight of his body. By this movement the 
bottom of the mould is lowered, the brick is put into the 
mould, then the upper chuck, which is larger than the bottom, 
comes and presses on the brick. The workman makes use of 
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the elasticity of the mechanism, which tends to raise the lever 
again after the stroke, and seizes it and replaces it in its 
original position, at the same time taking the brick out of the 
mould; the brick is carried away by the labourer and replaced 
by another one. The platform on which the workman stands 
is made for the purpose of giving the apparatus more stability. 
In this way 350 to 400 bricks an hour can be repressed, Some- 
times two or three pressings are given in succession, which 
naturally lessens the output. 

We must remark that if the goods, when they are of a suit- 


Fi. 205.—Repressing Machine. 


able consistency for repressing, no longer present any plasticity 
for pressing by hand, they yet acquire some under the influence 
of the much greater pressure by machine, and that they would 
stick to the walls if the latter were not carefully lubricated. 
This lubrication is done with vegetable or mineral oils diluted 
with water, or else with an emulsion of soap. 

When the pastes contain lime, the greasy bodies have the 
disadvantage of becoming saponified in contact with them, thus 
forming calcareous salts, which are destroyed in burning, but 
which leave a residue of lime on the surfaces, and this is changed 
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in the kiln into sulphate of lime and produces whitish blotches 
that it is impossible to get off To avoid this inconvenience, 
which is often very injurious, liquids that do not contain fat 
acids must be used for lubricating. 

A repressing machine of the same kind as the preceding 
one, but not exerting as much pressure, is shown in Fig. 205. 
It carries three moulds put on a turn-table, which allows of 
one being taken out and another being ready for lubricating and 
putting in the mould. Lastly, Fig. 206 shows a third arrangement, 
in which the stroke is produced by the great power accumu- 
lated in a very heavy fly-wheel. In all these machines the 


Fic, 206.—Repressing Machine. 


driving shaft, on which the lever or the fly-wheel is fixed, 
carries the tappets or the eccentric wheels that determine the 
motion of the different organs. 

Repressing can also be done in machines driven by an engine, 
which then work continuously. 

The larger output of these machines, which are necessarily 
fixed ones, does not often make up for the increased expense 
caused by carrying the bricks, The types of repressing machines 
of this kind are fairly numerous; the following are only described 
as examples. 

The repressing machine (Fig. 207) constructed by M. Clay- 
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ton is very much like the types just described. Two eccentric 
wheels mounted on the motive driving shaft serve to work the 
bottom of the mould and the upper chuck.’ On the other hand, 
the machine (Fig. 208) by M. Pinette is arranged horizontally. 
The bricks are put on to a travelling slide, placed before the, 
machine, which carries them opposite the mould, where a chuck 
pushes them in and exerts the pressure. This done, the bottom 


Fo. 207.—Repressing Machine. 


of the mould is pushed up in its turn, and puts the repressed 
brick back on the slide, which, while passing away to put 
on a second brick, carries the finished brick on the other side, 
whence it is removed. This machine can repress 1,000 bricks 
an hour. Lastly, Fig. 209 shows a repressing machine, con- 
structed by M. Frey, in which the bricks are placed on an end- 
less cloth, which carries them into the machine, where they are 
laterally pressed by a cam, then come out on the other side on 
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to the same endless cloth Two rollers automatically lubricate 
the bricks when they enter. The output is a little larger than 
that of the preceding machine, 


Fic, 208.—Repressing Machine. 


Fia. 209.— Repressing Machine. 


To finish what refers to repressing, we will remark that this. 
operation only improves the look of the bricks and not the 
quality of them. Under the influence of pressure, the molecules. 
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of the body are put out of place and to a certain extent pressed 
together ; but as the plasticity of them is very weak, they blend 
very badly together, and cracks are left in the goods, as well 
as smooth parts, which lessen the resistance to breaking. 

205. Drying.—Drying bricks is rather a difficult operation, on 
account of the large quantity of water that has to be evaporated. 
Let us take for example the bricks of the shape most used in 
France, weighing when burnt about 5:5 Ib.; when moulded they 
contain about 25 per cent. of water if made by hand; or 15 to 
20 per cent. when the process of drawing out is employed. When 
moulded of dry body, this proportion is still further lowered to 
5 or 10 per cent. If we reckon on an amount of water equal 


Fia. 210.—Drying Bricks. 


to 20 per cent., we see that 17:28 oz. of water per brick must be 
evaporated, or 11023 lb. per thousand. 

The drying is done by four processes :— 

1. Drying in the open air; 

2. Drying on stages which are either isolated, or grouped 
together in a building; 

3. Drying in ventilated drying sheds, üsing the waste heat 
of the kilns; 

4. Drying in warmed and ventilated drying sheds. 

Drying in the open air is only used when they are moulded 
by hand. Over large surfaces of hardened ground, slightly 
sloping so that the water does not remain there, the bricks are 
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placed, when they come out of the mould, flat down side by side, 
When they have hardened sufficiently, they are spread out; then, 
after drying again for a time, they are piled up into a heap— 
in gambets, according to the technical term. These gambets 
are placed on the higher parts of the ground, the lower row 
often being of burnt bricks, to avoid damp. When there 
is any fear of rain the gambets are covered over with straw 
matting, planks, or other light movable coverings. Sometimes 
one side of them is covered as well, to prevent the rain being 
blown on them by the wind. In these gambets the bricks finish 
drying. 

Drying on stages is done either in little separate sheds, or 
in sheds that contain several rows of stages, or even in build- 





Fig. 211.—Drying Bricks. 


ings usually constructed over the kilns Figs. 118, 119 and 
121 showed the different arrangements in general use. There 
is therefore no need to repeat them. 

When they are made of soft body, the bricks ought to be 
put on little boards, and put down flat. If, on the contrary, 
the body is partly hardened, or dry, they are at once placed 
on two strips fixed to the uprights of the stages Fig. 211 
shows these two arrangements. 

Bricks are sometimes put, directly they are made, on boards 
about 4 feet to 5 feet long, which are carried to the stages, 
where they take the place of the strips in Fig. 211. Lastly, in 
some cases, movable stages, or, at least, those that are partially 
so, are used; these are formed of planks that have at their 
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extremities the ends of the planks, so that they can be piled 
up as shown in Fig. 212. 

Carrying the bricks to the drying sheds, and from the 
drying sheds to the kiln, is somewhat important, on account of 
the great weight of the goods to be moved about. For this 
purpose different methods are employed, which depend upon the 
arrangements of the drying sheds. 


Fig. 212.— Pallettes for Drying Bricks. 


Wheelbarrows are very much used, because they can easily 
be moved about between the rows of the stages. Those that 
are used for carrying green bricks are flat in form, as shown 


Fic. 218,—Wheelbarrow. 


in Fig. 213. It is wise, so that the shaking of the rolling 
along should not spoil the shape of the goods, to suspend them 
by means of springs, or to use india-rubber bands. For trans- 
porting dry bricks, simple flat wheelbarrows, with backs, are 
used. When it is necessary to raise the bricks. on to the stages, 
the wheelbarrows can be pushed up inclined planes, or they 
can be raised by a lift. 
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Little waggons are less used, because they need a consider- 
able amount of railway to be made if they are to be carried 
along between the stages. For green bricks the waggons shown 
in Fig. 214 are used, and for dry bricks waggons of the usual 
flat shape In some cases waggons suspended from an over- 
head railway have been used. This method, when the arrange- 
ments permit of it, may be more practicable than the preceding 
one. 

When the making is done in a building in floors which 
contains the drying sheds, elevators can be arranged by the 
side of the machines, and the bricks, being at once placed in 
them, can then be taken to the different floors, to be put on 


Fio. 214.—A Little Waggon. 


wheelbarrows and spread on the stages. Fig. 215 represents an 
elevator of this kind, to which the desired height naturally 
can be given. It is composed of two double pulleys, on which 
turns a chain carrying boards used for receiving the goods, 
and which are suspended in such a way as to remain horizontal 
while being raised. 

The length of time needed for the drying on the stages 
depends on the arrangements of them and on the weather. 
We have already said that the drying was, at a height of 10 
feet, double that on the ground itself, and triple at the height 
of 20 feet. On the ground it varies according to the weather 
from two to five weeks in favourable seasons. It can be re- 
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duced, when the stages are raised and under better conditions, 
to ten, or even eight days. 


Fic. 215.—Elevator. 


By arranging the drying sheds over the kilns, as shown in 
Fig. 121, they can be dried at any season if the building is 
‘well closed and the weather not too severe. The length of drying, 
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nevertheless, depends largely on the season, even with the best 
arrangements. It is double, or even triple, in winter to what 
it is In summer. 

The drying can be noticeably improved by arranging venti- 
lators in suitable places, which can be made to act in calm 
weather, when the natural draught becomes insufficient or there 
is none at all. 

Ventilated drying sheds, using the waste heat from the 
kilns can also be used. Fig. 122 (page 260) shows an arrange- 
ment of this description. The kilns are always those with 
continuous firing, and the ventilation is done by chimneys or 
ventilators. Several arrangements have been proposed by Messrs. 
Ohle (the one in Fig. 122), Cohr, Rühne, Hoffmann, etc, but 
they do not seem to be any better than drying by ventilation 
in a building over the kilns, especially when an _ insufficient 
draught can be supplemented by ventilation. 

It has been seen, in fact, that the heat necessary for evaporating 
1 kilogramme of water contained in the body is given in formula 
IIL (page 251) :— 


ç = 1,000 (T - 4) ¢ 
E(T-?t) ’ 


with the condition IL :— 
BE (T -t)=P - p. 

If it is admitted that the outside temperature is equal to 0, 
that T = 20°, it will be seen that the heat expended is at the 
lowest for t = 11°, in which case C = 1,360 calorics (p. 256). We 
have seen that this number must be increased from 50 to 100 
per cent., according to the installation, and becomes, under the 
most favourable conditions, equal to 2,000 calorics. 

If, on the other hand, we agree as to a body having 10 per 
cent. of water to be evaporated, 1 kilogramme of burnt brick will 
contain 150. grammes, thus needing 300 calories But, as we 
shall see in the following article, the quantity of heat that a 
continuous kiln can furnish while burning bricks, theoretically 
will scarcely expend more than 200 calorics per kilogramme of 
the burnt body. 

It can then be laid down, as an absolute fact, that it is 
impossible to dry bricks solely by the waste heat of continuous 
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kilns, the only heat available in brickfields when worked econo- 
mically. 

It is this fact that has caused heated and ventilated drying 
sheds to be used sometimes, the different systems for which 
were shown in Figs. 125, 126, 127, 128, 129 and 130. When 
the stages are fixed, the bricks are placed as already described. 
When they are movable, waggons of a flat pattern are used, 
which carry fixed stages, or, better still, movable iron supports 
as shown in Fig. 216. It is these waggons loaded with bricks 
that have been introduced into the drying sheds. 

There are several different kinds of these drying sheds, and 
the three following engravings are only given as examples. 

Figure 217 shows a drying shed built by Messrs. Chamber 


Fi. 216.—Waggon for Drying Sheds. 


Brothers & Co. It is of type C (p. 263, Fig. 126), in which the 
bricks are not moved while being dried, and is composed of a 
series of separate tunnels, heated at one end and furnished with 
a draught chimney at the other. 

Figure 218 shows a drying shed of type B (p. 483), in which 
the goods are moved about in the same direction as the air, 
the latter being heated progressively by a subterranean system 
of pipes containing steam. It was constructed by Messrs. Wolff 
& Co. 

Lastly, Fig. 219 represents M. Moeller's drying shed, the 
plan of arrangement for which was given in Fig. 130 (p. 268). 

In order to calculate the dimensions for drying sheds and 
the number of waggons, the geneth of the drying must be 
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reckoned, which depends on the nature of the body, on the 
method of manufacture, and the arrangement of the drying 
shed Under the most favourable conditions this time can be 
reduced to 20 or 24 hours, but it is often very much longer. 

What was said in Chapter V. allows of the value being com- 
pared and of the consumption of fuel being estimated for the 
different drying sheds. It is sufficient to add that heated drying 
sheds, even when the bricks are manufactured of dry bodies, 
are more suitable for countries with a cold or damp climate. 
It seems hardly likely, under the present conditions of the brick 
industry, that it would be advantageous to use these processes 


Fic. 217.—Drying Shed for Bricks. 


everywhere where, as is usual in France, they can be dried 
in winter on stages suitably arranged above the furnaces. 

206. Burning.—The burning of ordinary plain bricks is some- 
times done open. This process usually accompanies moulding 
by hand, and as it needs special workmen, we need only make 
some general remarks about it. 

The site for the kiln ought to be a piece of ground placed 
away from water and close to the brick stages They begin 
by putting down a first layer of burnt bricks as a foundation, as 
shown in Fig. 220, in such a way as to make a square measuring 11 
to 16 yards a side. On this is put a second layer, the burnt bricks 
being placed perpendicularly to the first ones, and also separately. 
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The third layer is also made of bricks laid down edgewise, but 
arranged in such a way as to leave only a space of } to 14 inch 
between them. Having reached this height, the channels that 
cross the kiln are filled with wood and shavings, then the fourth 
layer is put on, composed of two courses of bricks flat down, 
separated from one another as in the preceding case. At the 
fifth layer the channels are covered over with flat bricks, the 
others being placed edgewise at intervals like those already 
mentioned. The sixth layer is put perpendicularly to the fifth, 
then the seventh like the fifth, the eighth like the sixth, and 
so on. The bricks at the edges are closer together, put more 
carefully, and placed in such a way as to give a slight rough- 
ness to the faces, which are covered over with a layer of sandy 
clay. 

Between the sixth and seventh layer is powdered over a 
thin layer of sandy charcoal, spread evenly about, and the 
same is done every three layers. The first seven or nine layers 
are of burnt bricks, as they form the foot of the kiln, the 
others are raw. When the foot is finished, which will take 
a gang of ten to fifteen men a whole day, in the evening the 
wood put in the channels is lighted, and the fire is fed with 
faggots, blocks of wood and coal The next day the charging 
is continued so as to put on three or four layers. 

When the fire has well caught the first layer of coal, which 
can be told by the smoke, which ought to come evenly out of 
the whole surface of the charge, the speed of the combustion 
is regulated by lessening the size of the openings. which let the 
air in. Each day the charging ought to follow the progress 
of the combustion, which has a tendency to become quicker, 
so that towards the end of the burning as many as four to 
six layers are put on. They usually stop when the kiln is 
about 8 yards high, and the last layer is put on closer together 
than the others. 

With such a primitive method of burning it is natural that 
accidents should be frequent. If the fire is not spread evenly 
over, the entrance for the air is lessened on the side where it 
is too quick, and any chimneys that may occur are stopped up 
from above by putting fuel into them. In the same way the fire 
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is quickened in the parts where it is too slow, by unstopping 
the air entrances As the centre is necessarily more burnt 
than the edges, it sinks more into a hollow, and the difference 
in level is put right by placing a layer in which the bricks 
are edgewise in the centre, and sloping or flat down at the 
edges. But the most serious accident that can happen is the 
rain, from which it is difficult to protect the kiln, even with 
movable coverings. Therefore the burning in the open can only 
be done in the summer. 

The kilns contain from 200,000 to 1,000,000 bricks. Those 
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Fic. 220.— Burning in the Open. 


most used are for 500,000, of which about a sixth are waste or 
too little burnt. The consumption of fuel varies from 635 
Ib. to 81% Ib. of coal per 1,000 bricks, according to the quality 
of the coal and the size of the kiln Turf has sometimes been 
made use of. 

Burning in the open is used in the north of France, in 
Belgium and in England It can only be used when the body 
is sandy and is of no use except in small temporary brickfields, 
formed near to and in view of a particular building. 
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For small fields in the colonies, intermittent kilns with 
ascending flames can be used, of the type shown in Fig 158 
(page 354), the heating being either with coal, wood, grass, straw 
or any other fuel. 

Besides the two special methods which have just been de- 
seribed, bricks ought to be burnt in continuous kilns with one 
gallery; it is only in very small brickfields, created for local 
needs, that use is made of semi-continuous kilns. 

The kilns with continuous firing have already been de- 
scribed (page 363), and we have seen that instead of their 
primitive round form, later an oblong one, there has been 
substituted at the present time a rectangular form (Fig. 168). 

Figure 221 represents a kiln of this kind, with more of the 
details of construction, specially intended for burning ordinary 
bricks. Each of the two parallel galleries is divided into six, 
seven or eight compartments, each having a door for charging, 
a draught valve and an arch making a projection in the walls 
of the burning gallery, against which the dampers are arranged. 
These dampers were formerly of iron plates in two or three 
pieces, to allow of their being put through the doors Now 
they are made of paper, luting them with earth mortar against 
the arch. When they need to be removed, the lower part of 
them is simply torn away, so as to allow the gaseous current 
to pass, the pieces of paper naturally being destroyed during 
the burning. 

The openings in the dome, by the side of each archway, are 
intended specially for this operation. 

The paper that is used is bought in rolls about 40 to 56 
inches wide; it 1s cut and pasted in such a way as to prepare 
a piece of the identical shape of the opening from the gallery 
for burning. 

The heating is done with coal, lignite or turf, the fuel 
being put in through a series of openings formed in the dome, 
about 40 inches apart, and closed by cast-iron covers. The charg- 
ing is arranged as shown in Fig. 143 (page 333). 

The following are some data as to the production and 
dimensions of these kilns :— 
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Dimensions of the Kiln. 


Number of bricks 
84 x 4} X 24 in. 
urnt in 24 hours. Length. 


Volume of a 
Compartment. |} 


Cubic Feet. Feet. 
65 to 82 


82 to 


115 to 





With a normal working the fire advances one compartment, 
that is from 10 to 21 ft, in twenty-four hours Naturally 
this amount can be diminished or turned into a compartment 
and a half. For a yield above 25,000 to 30,000 bricks it is 
better to employ two distinct kilns. | 

The type of kiln shown in Fig. 221 can be varied in several 
ways. A few words on the principles of them will suffice :— 

1. The chimney joined to the end of a kiln can be put quite 
-away from it, either at the end or at the side (Fig. 168). From 
the point of view of the draught, the position shown in Fig. 
221 is the best. 

2. The flues for letting off the gases, instead of being 
placed laterally in the central wall, can be arranged on the 
outer wall, or go under the hearth. These arrangements, which 
seem theoretically more logical in practice, are not of any 
advantage in spreading the heat well about, and have the dis- 
advantage of being more complicated in construction. 

3. The gases can also be carried off through the openings 
for heating by making the latter communicate with the smoke 
channel by means of movable sheet-iron pipes, which are dis- 
placed as soon as the fire advances. 

Figure 222 shows the arrangement in section (Siehmon & 
Rost). . 

It is of rather more simple construction, and when the goods 
are very damp lets off the steam better which, on account of 
its smaller density, is apt to accumulate under the dome On 
the other hand, the moving of the pipes is a much longer 
operation than the simple raising of a valve. Also, it must be 
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stated that it is preferable to make the draught by the special 
lower channels, and when the raw goods are too damp, as is some- 
times the case during bad seasons, the carrying off of the steam 
may be assisted by means of upper pipes. 

4. The warming of the bricks that are freshly charged some- 
times needs special arrangements. What has just been described 
is nearly always sufficient, but when the bodies are very damp, 
too plastic, or very calcareous, other methods must be tried. 
Sometimes little movable fireplaces, heated with coke, and with 
the flames thrown back into the heating shafts of the com- 
partment that is being warmed, are arranged for, care being 
taken to allow rather a large quantity of air to enter at a 
low temperature, rather than a small quantity of very hot 
air. These fireplaces can also be put in the doorways or be 
fixed into the outside wall. In some cases, fortunately very 


Fig. 222.—Brick Kiln. 


rarely, the heating is obliged to be finished by fixed fireplaces 
by means of a system of pipes under the bottom of the kiln. 
It has also been proposed (Hoffmann) to take the warm air from 
tie compartments that are cooling down, and to carry it through 
a special system of channels into the compartment that is 
starting, but this method does not answer well. 

5. For temporary establishments that only need to last 
one, two, or three years, the construction of the kiln can be 
simplified by putting part of it in the ground, and replacing the 
greatest part of the masonry by embankments of earth, as 
shown in Fig. 223. Thanks to the low price for this con- 
struction, burning in this kiln is cheaper, including the money 
sunk, than in kilns in the open air, when the total number of 
bricks to be made is above 2,000,000. 

6. It has been said that the kiln shown in Fig. 221 was 


490 TREATISE ON CERAMIC INDUSTRIES. 


intended for heating with small coal, lignite or peat. Blocks 
of wood can also be used in it; but for heating with small 
wood, faggots, straw, ete, the kiln with trenches shown in Fig. 
171 (page 369) must be adopted. 

The consumption of fuel is from 77 to 110 lb. of medium 
quality coal per ton of burnt bricks, according to the height. 
of the temperature and the nature of the body. 

The thermic yield of continuous kilns for burning bricks 
can be reckoned as follows:— 

Heat produced by the combustion 100 | Heat that is theoretically of use . 
Heat furnished by being collected 40 | Heat lost by heating the walls . 


Heat lost by radiation . 
Heat lost by the chimney : 


lel ess 


140 


The air used is, in a medium way, 1} time that which is 
theoretically necessary. If this proportion were increased, a 


Fre, 298.—Temporary Brick Kiln. 


larger proportion of caloric could be recovered, and consequently 
the consumption of fuel could be lessened. In order to have 
a complete recovery of it, it would be necessary to employ from 
24 to 3} times as much air as the theoretical proportion. But 
then the temperature would be lowered to a considerable ex- 
tent, and it is the consideration of this that limits the amount 
of draught. Practically, a double volume of air must not be 
exceeded for the lowest temperatures, and it ought to be re- 
duced to 14, as we have put down in the preceding calculation, 
for medium temperatures. . 

207. General Arrangements of Brickfields.—Brickfields are 
essentially local factories, because of the great number of de- 
posits of clay suitable for making bricks that are met with in 
all countries, and also of the great weight of the goods in 
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comparison to their value The cost price of making bricks 
varies, except in extraordinary cases, from 3s. 3d. to 68 6d. 
per ton, to which must be added from 20 per cent. to 50 per 
cent. for general expenses, The reduction in the cost price that 
can be made by a large output is thus rapidly made up for by 
the cost of transport. In fact, important brickfields are only 
found near large centres of consumption. 

From the point of view of the processes of manufacture, 
brickfields can be divided into three classes :— 

1. Those using moulding by hand and intermittent kilns. 

2. Those using the same method of moulding, but burning 
in kilns with continuous firing. 

3. Those moulding by machine, and naturally making use 
of continuous kilns. 

Besides the two cases which have already been mentioned, 
the first are justified when the output is below 600,000 or 
1,000,000 bricks per annum. That is, in fact, the limit below 
which it is not economical to use kilns with continuous firing. 
On the other hand, it may also be admitted, as a rule, that the 
use of mechanical motive power is only advantageous when more 
than 10,000 bricks per day are moulded. The brickfields of the 
first class, then, are small factories, essentially local ones, which 
can only prosper by being protected from the large makers by 
the expenses of transport being rather high, and by having the 
general expenses very much reduced. 

It has been shown before that for making very common 
bricks, with suitable clays and climate, it is better to employ 
hand moulding, even for large quantities In this case the 
places for moulding and drying must be arranged round one 
or more continuous kilns, so as to reduce as much as possible 
the carriage of the goods in course of manufacture. The works 
are placed by the side of the clay pits, the clay being brought 
by means of waggons. If the consumption of the bricks is 
not in the same neighbourhood, the factory ought, besides, to 
be near a railway or a watercourse. 

Lastly, in the brickfields of the third class, using machines 
and continuous kilns, the drying is done either in sheds, or in 
large buildings above the kilns, or else in artificial drying 
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sheds. It is impossible, in the present state of this industry, 
to give, on principle, the preference to any one of these 
systems The choice depends on local conditions. 

It has been seen that the maximum output of a continuous 
kiln was from 25,000 to 30,000 bricks in twenty-four hours, 
which, reckoning for stoppages, holidays, ete, is equal to a 
production of 30,000 to 40,000 bricks a day. For a larger pro- 
duction two kilns are arranged side by side in two buildings 
40 or 50 ft. from one another, the place containing the machines 
being between the two. This arrangement, which can make 
from ten to twenty million bricks a year, is the largest that can 
be employed. Above that, two or more independent works 
must be made. 

In all brickfields, above everything, the cost of transport 
must be reduced if possible, and all unnecessary handling of the 
goods must be avoided; it is only on these conditions that a 
remunerative working can be hoped for. 


(6) Hollow Bricks. 


208. We have already seen that the manufacture of hollow 
bricks as an industry only dates back to 1855. The use of 
them has considerably developed since then, especially in France. 
They are principally used for the construction of partitions, 
light walls, and for filling in the intervals between the girders 
in floorings. 

Figure 224 represents a number of types of these bricks, 
generally used for partitions; they are from 8°6 to 13°7 inches 
long, 4°13 to 6°7 inches wide and 1°2 to 4°3 inches thick. 

Figure 225 gives examples of flooring bricks Type L is 
used for light floors, and is from 154 to 224 inches long, 8 to 
92 inches wide, and 2 to 2? inches thick. When the brick rests ~ 
on the lower wing of the girders of the floor it is advisable to 
cut them as shown in the drawing, so as to make a place for 
the wing. Type II. is meant for solid floors, having a space 
between the girders of 235 to 3:12 inches. The bricks are 
usually 8:58 to 117 inches long by 40 to 4°70 inches thick. Lastly, 
Type IIL, made of “summer” bricks, with hollow bricks for the 
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partitions, is used for very strong floors intended to bear great 
weights. 

Besides, hollow bricks can be made in very various forms, 
intended for the most different uses. So as not to go outside 
the scope of this work, we will simply say that, in a general 
way, in order to have a regular and economical working, the 
following dimensions should not be exceeded: 18 inches long, 
10 inches wide, and 6 inches thick. 

The bodies used for moulding hollow bricks ought to be 
more plastic than those for making plain bricks. 

The moulding is always done by expression; the dies used 





Fia. 224.—Hollow Bricks. 


for this purpose have been described in Chapter IV. (page 195). 
For small goods piston propellers are used (Fig. 75, page 199), 
and other propellers for a larger manufacture. It is needless 
to repeat what has been said on the subject of these machines, 
yet it would be advisable to remark that the propellers with 
cylinders are especially suitable for large quantities of hollow 
bricks, and are to be preferred in a general way. 

When it is required to mould hollow bricks of larger dimen- 
sions than those already mentioned as being the maximum, as, 
for example, the flooring bricks of Type L (Fig. 225), a rather 
stiff body must be used, as then there is less shrinkage. In 
that case piston propellers can be used. The method used in 
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this case is the same as that used for the manufacture of the 
tiles, in cake form, of stiff body, which will be described further 
on, in Art. 216. 

The drying of hollow bricks does not present any difficulty. 
It is much quicker than that of plain bricks, and the goods 
have much less tendency to get out of shape. 

The setting of them is also very easy; they are put in close 
against one another, the spaces of the holes being sufficient to 
secure the circulation of the gases and flames Lastly, the 
burning of them is more rapid than that of plain bricks, and 
it is easier to spread the heat uniformly over the kiln. 





Fia. 225,—Flooring Bricks. 


There are scarcely any special factories for hollow bricks, 
as they are produced either in brickfields, or more usually in 
tile works. 


(c) Ornamental Bricks. 


209. When the bricks of special buildings are to be ex- 
posed, that is to say, are to be neither painted nor covered with 
stucco, the bricks called ornamental bricks are often made use 
of. These are distinguished from ordinary bricks by their more 
regular shape, the uniformity of their colouring and their finer 
grain, and their greater resistance to the changes of weather. If, 
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from a potter's point of view, ornamental bricks do not differ 
from ordinary bricks, nevertheless, in order to obtain the 
qualities just enumerated, it is necessary to have recourse to 
a more careful manufacture of them. This extra care needs 
to be specially mentioned as it affects the industry. 

The body ought to be better prepared and more carefully 
mixed than it usually is for ordinary bricks, and, besides, it is 
necessary for it to be of a composition calculated to give, after 
baking, the desired shade. It is needless to return to this subject 
after what was said on p. 308. 

When moulded by hand ornamental bricks are not satis- 
factory; it is necessary for them to be repressed. The brick 
to the left in Fig. 226 shows the type of repressed brick that 
is most used The dimensions are those of ordinary bricks, the 
width and thickness however are slightly increased, when we 





Fic. 226.—Repressed Ornamental Bricks. 


remember that the joint of 4 inch of thickness in ordinary 
brickwork is reduced to 28 to ‘315 inch for masonry that is to 
show. 

Ornamental bricks can also be obtained by repressing (Fig. 
226). For this purpose is arranged, in the ordinary repressing 
mould, against one of the upright sides, a copper plate with the 
pattern intended for the brick hollowed on it. The pressure 
makes the body sink into the hollows of this plate, and the 
latter is taken out of the mould together with the brick. It is 
easily taken off afterwards, and replaced in the mould after 
it has been greased. 

When moulded by being pressed out of dry body, the orna- 
mental bricks can be made of regular dimensions, heavy, resisting 
the inclemency of the weather only when well burnt; but it is 
-costly to make bricks, for mouldings by this method. 

Moulding by expression is the best and most economical 
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method of manufacture for ornamental bricks.) The surfaces 
smoothed by the die plates have a regular grain of agreeable 
appearance, which give a better colour than the joined surfaces of 
repressed bricks. The drawn bricks are sometimes pressed over 
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F1a. 227.—Ornamental Bricks, for Mouldings. 





again, but this should be condemned, except for ornamented 
bricks (Fig. 226), because with a little care better goods, from all 
points of view, can be obtained direct from the die-plate. The 
cutting of the ornamental bricks must naturally be done across, 
The bricks for mouldings, of which some examples are given 
in Fig. 227, are easily fashioned by fixing on the outer edge 


e 


Fic. 228.—Die for Bricks for Mouldings. 


of the die a small steel templet, the edge of which is turned 
towards the inside and to which is given the shape of the profile 
that is wanted (Fig. 228). The part of the body that is cut off 
by the templet remains on the brick and is taken away when the 
latter is dry, before it is charged in the kiln. 

When very regular ornamental bricks are required, and 
when at the same time it is desirable to economise the raw 
material, it is better to use hollow bricks, which are less liable 
to get out of shape while drying. These bricks are very much 
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used in Germany under the name of Verblender, where the 
manufacture of them has become the speciality of certain large 
brickfields and has attained a degree of perfection that has 
not been equalled anywhere else. Fig. 229 shows the most used 
shapes of these bricks as well as the application of them. In 
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Fic. 229.—Hollow Ornamental Bricks. 


the continuous building of the walls quarter and half bricks are 
used, such as those represented by the two first types. 

For the angles are used bricks the holes of which are per- 
pendicular to the joints (Types VII. and VIII.). Ornamental bricks 
only form a coating that is joined to the ordinary bricks of the 
same dimensions, which constitute the wall properly so called. 
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Figs. 230, 231 and 232 show the arrangements of the dies 
used for squeezing out the most common types The propellers 
are those with a single screw of small or medium size. To 
prevent the surface of the bricks from getting out of shape or 
being spoilt, they are raised from the cutting table with wooden 
forks that are put into the holes. 


Fia. 280.—Die for Hollow Bricks. 


So that the ornamental bricks may be able to suitably resist 
the weather, it is important that the temperature at which they 
are burnt should be high enough for the body to be scratched by 
iron only with difficulty. For this it is necessary to employ a 


Fig. 231.—Die for Hollow Bricks. 


body containing sufficient fluxes for it to have a tendency to vitrify, 
and also enough refractory materials to prevent it from getting 
out of shape. Certain natural clays fulfil the requisite con- 
ditions; when none such are available they must be made by 
mixing. In order to obtain pure colours, it is necessary to avoid 
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the goods coming in contact with the ashes of the fuel With 
this object either gas kilns with continuous fring are used 
(Art. 218), or kilns with continuous firing with solid fuel, but 
certain precautions need to be taken, of which we shall speak 
further on (Art. 218). 

When the body that is used is not of a sufficiently uniform 
tint, or when the colour is not the desired one, the surfaces of 
the ornamental bricks can have a slip. The slip is applied with 
a brush on the body when hardened or nearly dry. In spite of 
the care that has been taken to make the expansion of the two 
bodies agree, it is seldom that very good results can be obtained 
by this method. 


Fic. 232.—Die for Hollow Bricks. 


(4) Vitrified Bricks. 

210. Vitrified bricks cannot be scratched by iron, and -only 
with great difficulty by steel As has already been remarked, 
they form the transition between terra cotta and stoneware. 
Sometimes their porosity, though always small, is yet sufficient 
to rank them with the terra cottas; sometimes they are almost 
impermeable, and then are really stoneware. They show, at 
least on the surface, the beginning of a vitrification; the colour 
of them is either a reddish brown, lighter or darker in tone, 
and sometimes even almost black, or else a brownish yellow. 
In the first case the body is ferruginous, and in the second 
more or less calcareous. : 

Vitrified bricks are used either as ornamentation, or in 
hydraulic works, or in masonry that has to bear great pressure. 
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In the first case their shape can be of the tile form, in the 
others they are of the same shape as ordinary bricks. 

The body for them ought to contain a rather large proportion 
of fluxes, and have at the same time an important amount of 
crystalline silica in the form of grains that are relatively large. 
While it is being heated to a temperature high enough to vitrify 
the fluxes, the silica ought to remain unattached and form a 
firm bone-like system in the middle of the mass to prevent it 
from going out of shape. There is a fairly large number of 
natural clays that fulfil these conditions. At other times quartzose 
sand is mixed with fusible clays. 

The method of making vitrified bricks is the same as that 
for ordinary bricks; only the burning must be done at a higher 


Fig. 283.—Kiln for Paving Bricks. 


temperature. Yet it is advisable to avoid moulding by hand, 
as that makes the goods too porous. As the use of them is 
generally very restricted, they are burnt in the same kilns, with 
continuous firing, as ordinary bricks, only heating the com- 
partment in which they are charged to a higher degree. In 
some countries, such as the Netherlands and the United States, 
these bricks are used on a large scale for paving the streets. 

Sometimes intermittent rectangular kilns, with descending 
flames, are used for burning them. Fig. 233 represents one 
of these kilns that is at work in the United States; a section 
of-one was given in Fig. 160 (page 357). It seems to us, how- 
ever, that it would be more economical to make use of continuous 
kilns heated by gas. 

By using wood fuel the ashes of combustion, carried along 
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by the draught, are deposited on the surface of the bricks, and, 
when the temperature is high enough, form on them the most 
fusible alkaline silicates These cover the bricks with a thin, 
vitreous layer. 

It has sometimes been attempted to obtain similar effects 
in kilns with coal firing by throwing salt into them (chloride 
of sodium) during the hard firing, and by charging the kilns in 
such a way as at the same time to have a reducing atmosphere. 
For that the burning ought to be done in intermittent kilns 
with descending flames, or in kilns with continuous firing with 
several burning chambers. If the body is decidedly ferruginous, 
by this method black bricks are obtained that have a certain 
metallic shine, to which the name of iron bricks has been given. 


(e) Light Bricks. 

211. Light bricks are distinguished from ordinary bricks by 
their apparently small density and their very great porosity. 
They are manufactured by adding combustible materials to the 
body, and these are consumed in the baking, thus leaving spaces. 
Some remarks have been made (Art. 41) as to the raw 
materials of a charcoal nature that are used for this purpose. 

Many manufacturers of ordinary bricks add to the body 
some powdered coke, coal cinders, coal dust, etc, and thus 
obtain lighter goods, but these ought, however, hardly to be 
reckoned as a variety of light bricks) The diminution in weight 
thus obtained is never very great, and in this method of manu- 
facturing them the reduction in weight is not considered as 
much as the other advantages that it offers, viz., a more rapid 
drying, less shrinkage, a more economical burning, ete. 

If sufficient mineral fuel is added to a body to make it 
lighter, the heat given off by that means in burning would 
make the clay melt, the more so as the fusion would be 
hastened by the cinders. Light bricks can only be obtained 
with vegetable fuels that have a small calorific power. The 
substances most used for this purpose are wood sawdust and 
chopped straw. The clay must be as plastic as possible, so as 
to bind together a very large quantity of organic substances, 


1 In America these are termed ‘ Terra Cotta Lumber”. 
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and this latter must also contain as few cinders as possible. 
Under these conditions one-third of clay can be mixed with 
two-thirds of sawdust. The proportion of clay can even be 
reduced to a quarter, by adding straw chopped up into pieces 
14 to 2 inches long. 

The body thus obtained can only be moulded in a pasty 
state. It can be moulded by hand, but only in moulds with 
hinges. It is also possible to draw it out, but not to cut 
it by metallic wire. The cutting tables, already described, 
must be replaced by circular saws. The die must be of rather 
small section, compared to the diameter of the screw, so as 
to compress the body a great deal. 

The drying is the same as for ordinary bricks. As for the 
burning, that can only be done in continuous kilns if the 
proportion of organic materials is equal to that of the clay. 
Beyond this amount the heat would be too great, and the 
burning must be done in intermittent kilns, preferably with 
ascending flames, and with a current of air strong enough to 
lower the temperature of the kiln. In all these cases only the 
fuel that is necessary to start it and to attain an even dis- 
tribution of the temperature should be added. 

The light bricks thus obtained can be sawn, turned, and even 
planed with tools similar to those used for working in wood. 
This kind of pottery goods is scarcely used except in the 
United States, where sometimes they replace wood in buildings 
where there is any danger of fire. | 

Various other methods of manufacturing light bricks have 
been suggested, but they have hardly been tried in practice. 
It is sufficient to mention the mixing of clay with fat bodies — 
naphthaline, for example. The goods, after having been moulded, 
are dried in stoves at a sufficient heat for the greasy bodies to 
melt and run into receptacles, where they are collected and 
used over again. Lastly, clay can be mixed with very finely 
powdered carbonate of lime. When burned at a moderate tem- 
perature the goods are treated with hydrochloric acid, and 
chloride of lime is formed, which is removed by washing. These 
two methods have also been suggested for manufacturing terra 
cotta filters. 
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The Romans manufactured light bricks that floated on water. 
They made use of volcanic products, of silicious tufa, with the 
addition of a small proportion of clay. Following the same idea, the 
earth from infusoria can also be used, but the goods thus obtained 
are refractory, and will be discussed in the following chapter. 


§ 2. Tires. 
(a) Ordinary Tiles. 
212. Forms and Dimensions.—The use of tiles dates from 


very ancient times. In the Louvre there are fragments of tiles 
from the temple of Artaxerxes Mnemon (B.c. 362). The 


Fi. 234.—Roman Tiles. 


Greeks and then the Romans imitated this species of covering, 
and the shape of the tiles used by these nations, and which 
were wrongly called Roman tiles, is shown in Fig. 234. 

They necessitate two patterns being used, one having the 
form of a fairly thick slab, with two side ridges, and the other 
that of a slightly conical semi-cylinder. The slab is 15} to 
31} inches long, 9} to 20% inches wide, and 1 to 14 inch 
thick. The lap is about 34 inches. This is possible by the 
pressing down of the edges to the same depth at the back of 
the tile. Lastly, a little fillet that projects on the upper face 
of the tile corresponds to a hollow in the lower face of the tile 
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that is put over the other, and is for the purpose of ensuring 
the gaps being filled. 

It is very remarkable that this same pattern was used by 
the Chinese several centuries before our era, and since then by the 
other nations of the Far East. This tile may be objected to 
on account of its great weight, but it is of a pleasing archi- 
tectural aspect, and, from that point of view, certainly superior 
to all the modern tiles. In the Far East the round covering 
tiles have often been headed by flowers, which give the roofs 
a very rich ornamental appearance. Apart from the question 
of weight, which is sometimes useful, the Roman tile is one of 


Fia. 235.—Tiles of the Middle Ages. 


the most perfect types of tiles, and it ought certainly to be 
preferred to other patterns of which drawings have come down 
to us. The use of it was general up to the tenth century, then 
it was modified to give place to the type represented in Fig. 
235, in which the slabs are of a trapezoidal shape, which allows 
of their being covered without necessitating the pressing down 
of part of the mouldings. This modification involves an enlarg- 
ing of the covering tile, and a widening of the flat tile. The 
new pattern was used from the tenth to the twelfth century, 
and is still made use of in Italy. 

After the twelfth century we find appearing in the countries 
bordering the Mediterranean a new kind of roof, in which was 
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used only the round covering tile of the Romans. This arrange- 
ment, which is shown in Fig. 236, consists in putting on the 
triangular rafters placed perpendicularly to the ridge some round 
tiles, somewhat of a conical shape, overlapping each other,! the 
greatest diameter being pointed towards the top of the roof. 
These tiles are afterwards joined together with similar tiles, 
but these are arranged in exactly the opposite direction. This 
pattern of tile is very much used still in the southern coun- 
tries; the length varies from 16} to 194 inches, and the 
greatest width from 7 to 8% inches. It makes a heavy roof, 


Fio. 236.—Round Tiles. 


but protects the buildings very well from heat. Instead of 
placing the tiles as we have just said, they can also be arranged 
on a batten, which joins them together by being nailed on to 
the longitudinal rafters. In that case the lower tiles are fixed 
on to this batten by means of mortar, and the upper ones are 
generally attached in the same way, the whole thus forming a kind 
of masonry. This fastening with mortar, besides, was also possible 


‘This pattern of tile is often called hollow tiles, but this name ought not to 
be used, first, because these tiles are not hollow in the sense usually attaching 
to the word, as in hollow bricks for example; and, secondly, because it causes 
confusion with tiles that are really hollow, of which we shall speak later on. 
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with Roman tiles and with those of the Middle Ages, at least 
for the lower layers of the roof. 

In Flanders, after the fifteenth century, a new pattern of 
tile was used, called rib tiles (Fig. 237), having the shape of 
an elongated S, which was evidently derived from the round 
tiles, but differed from them not only in form, but also by the 





Fia. 287.—Rib Tiles. 


addition, on the lower face of the tile, of a small projecting piece, 
called a hook, which is used for fixing the tiles on to the laths 
and allows of a great slope being given to the roof. 

Towards the end of the thirteenth century there appeared 
in Champagne and Burgundy a new shape of tile, which had no 
likeness to a Roman tile, and to which the name of flat tiles 
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Fic. 238.—Flat Tiles. 


has been given (Fig. 238). It had the shape of a rectangle, 11} to 
13 inches long, by 73 to 103 inches wide and 0'31 to 0:86 inch 
thick. A hook fastened it on to the laths, and two-thirds of its 
surface was covered over by the upper tiles. Sometimes holes 
pierced in the tile allowed of one or two nails being put in, which 
fixed them to the laths. 
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This pattern of tile is still used in its country of origin, the 
most usual dimensions at the present time being 11} by 9} inches 
and 9} by 7} inches, with a thickness of ‘59 to ‘70 inch. In 
other parts the length in relation to the width has been increased, 
as for example 103 by 7 inches, and the covering over has been 
reduced from two-thirds to three-fifths. 

By rounding the bottom of the flat tiles, the tiles called scales 
(Fig. 239) are obtained, the medium size being 10} or 10% inches 
by 5% to 6} inches; they are put on in the same way as the 
preceding ones. . 

Flat tiles have spread into Germany and the northern countries 
of Europe, but they are generally made larger and much thicker. 


Fie. 239.—Scale Tiles, Fi. 240.—German Flat Tile. 


The upper surface is slightly striated, and the lower part rounded 
as shown in Fig. 240. 

The scale tiles lend themselves very well for the covering of 
towers and cupolas. In that case two patterns of trapezoidal 
tiles are used, generally 10% inches long by 5% and 54 inches wide 
for the large pattern, and 2} and 14 inches for the small one. By 
interspersing, according to the rows, a variable number of the 
small pattern tiles among the large ones, all kinds of conical : 
shapes can be given to the roof. 

In 1851 Gilardoni invented a new system of tiles, which is 
gradually supplanting, except in some special positions, the tiles 
derived from the Roman tile, and the flat tiles This system is 
based on fitting in the tiles (which allows, while doing away with 
a covering, of avoiding lath work), and on their undulated form, 
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which gives them a resistance that is just as great with less 
thickness. Since Gilardoni’s invention a large number of different 
types have been created, but we will be content to give the two 
following types as examples, as these are the most usual :— 

The tile called lozenged, shown in Fig. 241, is 153 by 8} 
inches; 13 for 10} sq. ft. are needed: the weight is over 6} lb. 

The Marseillaise tile (Fig. 242) is 164 by 9% inches; 134 
for 10} sq. ft. are required ; the weight is about 5 Ib. 

Lastly, the Boulet tile is 103 by 8} inches; 22 per 10} sq. 
ft. are required, and its weight is 24 lb. approximately. 


Fic. 241.—Lozenged Tiles. 


Instead of fitting in the tiles with vertical and horizontal 
joints, they can be arranged obliquely, and thus lozenge shape 
tiles can be obtained. They are little used, and have no other 
purpose than to obtain decorative effects, so there is no need 
to carry this point further. 

All the tiles for fitting together are fixed on to the laths 
by means of hooks made to project from the lower faces of the 
tiles. Sometimes this method of fastening is helped by arranging 
on this same face a small eyelet hole, through which is passed 
an iron wire that is bent round the lath. The tile can also be 
pierced with one or two holes, which are used for holding screws 
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that are driven into the laths Lastly, it has been suggested 
to make a little bolt at the end of the tiles, which would 
fit into a mortise on the next tile, thus making the whole roof 
solid. The difficulty of putting them on has generally caused 
this method to be given up. 

About 1882 there was invented, in Switzerland, a pattern 
of tile which was akin at the same time to flat tiles and to 
fitting tiles. In fact, the upright joint was made by being 
covered, and sideways by being fitted together. Several types 
of this kind have since been suggested; we shall only mention 
the one that is most extensively used, known by the name of 


Fic. 242.— Marseillaise Tile. 


mountain tile (M. Schmid-Kerez), and which is shown in Fig. 
243. These tiles are 154 by 8} inches; 17 are required per 10} 
sq. ft.; the weight is about 4 Ib. 

Lastly, it is advisable to mention one other system of tiles 
somewhat ‘similar to the preceding type, but in which, as 
shown in Fig. 244, the tiles are hollow and, consequently, give 
a good insulation against the variations of temperature. They 
are of various dimensions, and weigh at the rate of 14 tiles per 
103 sq. ft. 64 Ib, and 23 Ib. at the rate of 28 per 10} sq. ft. 

We see that the types of tiles are very numerous, and it is 
sufficient to look at the collections of patents to see that this 


510 TREATISE ON CERAMIC INDUSTRIES. 


problem continues to exercise the imagination of inventors. The 
appreciation of their respective merits does not enter into the 
programme of this work, which is devoted to the manufacture 
of them. It is sufficient to say that the examples already 
given are all suitable for excellent roofs, on these two con- 
ditions, that the tiles are well made and well put on. 
The preference given to one or other of them is a question of 
cost price, of local considerations, and also of method and 
routine. Besides ordinary tiles, there are a series of pottery 
pieces that are used in roofing :— 
Ridge tiles, used for covering the ridge of the roofs. 


Fig. 248,—Mountain Tiles. 


Cat’s hole tiles, that have an opening for ventilation; tiles 
with windows for lighting the tops; tiles with pipes, used for 
passing ventilating or draught pipes through, ete. 

Ends of ridge tiles, king-posts, borders, ends of borders, 
frontals, ete., ete. 

In the catalogues of the principal manufacturers will be found 
designs for these different parts of the roof, the description of 
which would be superfluous here. 

213. Moulding of Tiles.—The moulding of tiles needs more 
plastic bodies than those used in the manufacture of bricks. 
In fact, there must be taken into account not only the 
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moulding itself, but also the porosity of the body. By referring 
to what has been said about the texture of bodies (Art. 58) 
we see that it is necessary that the proportion of pure clay 
should be sufficient to fill all the spaces that separate the 
grains of the anti-plastic materials. It is true that the per- 
viousness of tiles is only a temporary defect, and that the 
pores of the terra cotta are quickly sealed up by the dust in 
the air. But this sealing’ may cause the development of 
vegetation on the tiles, and a great perviousness, even though 
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Fic. 244.—Hollow Tile. 


temporary, also causes the tiles to be of less commercial 
value. 

Following out this idea, it is advisable to avoid the use of 
too soft bodies, which, as we have seen, become more porous 
when dried. This is the common defect in all tiles manufac- 
tured in old times by moulding by hand, a defect that it has 
been attempted to lessen by a great thickness of body and the 
frequent use of glazes. The moulding by machine with a stiffer 
body is therefore preferable, but provided that this stiffness is 

. 
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not exaggerated, if one is not to fall into another defect which is 
more serious, viz., puffing up, the consequence of which is crack- 
ing. We will return to this question at the end of this 
chapter. 

The preparation of the bodies must be carefully done, and 
they must be absolutely homogeneous if goods that are resist- 
ant are to be obtained. 

Moulding by hand was formerly the only method of making 
them. For Roman tiles, doubtless, the ribs had to be joined 
to the slab when moulded in a wooden frame, as was described 
for plain bricks. As to round tiles, a flat cake is first moulded, 
and this is placed on a piece of wood that is of the inside 
shape of the tile. The body, on account of its plasticity, takes 
the desired curve, the surplus body overlapping the piece of 
wood is cut away, then it is raised up when the body has suffi- 
ciently hardened. The same process is used in manufacturing 
ribbed tiles. The moulding of flat tiles presents no difficulties, 
it is sufficient to mention that the hook is fastened to the body 
when moulded. The tiles for fitting together can also be 
moulded by hand, by using two plaster moulds bearing the 
imprint of the upper and lower faces. But on account of the 
high cost price of it, this method is only useil for the manu- 
facture of certain accessories for the roofs, which it would not 
be possible to manufacture by machine, or at least which it 
would not pay to so do. 

Moulding by drawing out is at present employed for flat or 
round tiles, or for those of the type of mountain tiles, while 
the tiles for fitting together are first made by being squeezed 
out and then moulded in a press, either in semi-soft clay or 
nearly hard body, or of quite a firm paste. It is necessary to 
give more details on this subject. 

214. Manufacture by Expression.—The preparation of the 
bodies is done either in a paste or dry; in any case the body 
ought to be of a half soft or semi-stiff consistency, and it 
ought to be well mixed together at the time when it is put 
into the propeller. This latter, of a small or medium size, may 
be of any of the kinds already described. The die plates 
are nearly always of the arrangement shown in Fig. 72 
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(Art. 102), the construction of them not offering any difficulties. 
All the interest in this method of manufacture is centred in 
the cutting apparatus, which have to change the prism of the 
body continuously coming out of the die plate into tiles of a 
different shape. There is a different solution of this question for 
each type of tile; we will give some examples :— 

For flat rectangular and thin tiles the hook can be formed 
by folding back the body. This solution is shown in Fig. 
245. The prism of body is forced by the propeller to pass 
between two rollers that are turned round by it. The lower 
one has a projection which corresponds to a hollow on the 


Fic, 245.—Apparatus for Cutting Flat Tiles. 


upper roller, and the purpose of which is to press out the paste 
at regular intervals, to form a hook. A blade placed behind 
a generator for the upper roller cuts the tile to the right 
length. This is afterwards put on to a frame by a workman 
and carried to the drying shed. This apparatus was con- 
structed by M. Joly-Barbot. 

When the flat tiles are thicker this method is not appli- 
cable. Through a hollow in the die plate, of the same size 
as the section of the hook, the prism of the body is given 
the shape shown in Fig. 246, and the roll thus formed is 
raised in the cutting apparatus by a wire a b, except the part 
that is to form the hook. Fe, a shows an apparatus of this 
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kind, constructed by M. Schlickeysen, in which the tile is cut 
at the same time to the required length, by making it at 
the end into an arched form so as to obtain the type shown 
in Fig. 240. The tile when cut reaches at the end of the 
board a balanced piece; it is covered over’ with a wooden 





Fic. 246.— Manufacture of Flat Tiles, 


frame, and the whole turned over by holding it in the frame 
with the hand. The tile thus placed on the frame is carried 
to the drying shed, while the balanced part of the board is 
put back into its original position ready for another tile. In 
this way 600 to 700 tiles an hour can be made. 

M. Diesener has tried to make several flat tiles of the 


Fic, 247.—Cutting Apparatus for Flat Tiles. 


preceding type at one time. For this purpose a length of body 
is passed out of the die plate, having a sectional shape as 
shown in Fig. 248, which is cut to the length of the tile by 
a first cutting apparatus. Then the bundle of tiles is pushed 
by hand into a second apparatus, which has a series of hori- 
zontal wires that divide it up, according to the dotted lines in 
the engraving, into four tiles, keeping the parts of the fillets a 
which are to form the hook. The whole is then put into the 
drying sheds, and the tiles are separated only when dry by 
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taking away the small pieces a and b. About 1,200 to 1,600 
tiles an hour are made. 

The mountain tile already described (Fig. 243) is made by 
a cutting apparatus. In the same way as for the preceding flat 
tiles, the prism of body must be cut of the desired length, and 
a part of the fillet be raised to form a hook. But, besides this, 
it is necessary to press down a length equal to the projection 
of the mid rib of the covering tile. These various operations 
are easily done by a single workman. The tile arrives at the 
end of the board quite finished, is covered over by a frame, and 
balanced as shown in the engraving. 

This cutting apparatus, made in France by the Society of 
Studies and Inventions, can produce 500 tiles an hour. 

Cutting apparatus have been made in Germany furnished 
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Fic. 248.—Method of Making Flat Tiles in a Packet. 
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with punches, by which tiles can be given some projections 
that it is impossible to get by the die. It has also been at- 
tempted to alter the profile of the die from time to time. 
These arrangements are not to be recommended, and there is 
very little sense in turning a cutting apparatus into a press, 
under the pretext of avoiding moulding by a press. 

As a last example of the method of manufacture by expression, 
that of round tiles may be mentroned. Various very ingenious 
systems have been suggested for solving this problem, which 
is somewhat paradoxical at first sight, of making by a die a 
body of conical form. The following solution is the simplest : 
A length of body is passed out of the die, of the shape shown 
in Fig. 249; this length is at once divided by a horizontal 
fixed wire, mn. Then, the tile having been cut to the desired 
length on an ordinary cutting board, the upper circular part 
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is raised by means of a wooden conical block (Fig. 249) of the 
shape of the interior of the tile. The sheet of clay, thanks to 
its plasticity, fits on to the punch, following the dotted contour, 
abe, def. It is then sufficient to make this punch slip along 
an iron wire stretched so as to cut the two triangles of the 
body, which are larger than the lower face, and to place the 
finished tile on a little board. This process allows 250 round 
tiles to be made in an hour. They can also be made equally 
well by a press. 

215. Manufacture in a Press with Semi-Soft or Semi-Stiff 
Body.—As has just been said, the moulding by a press ought 
to be preceded by a roughing out in the die plate. The body, 
when suitably prepared as if for the preceding method of 
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manufacture, is put into some kind of propeller, from which 
it comes out in the form of a prism approximately of the length 
of the tile, and is divided horizontally by several fixed wires, 
the spaces between them corresponding to the thickness of the 
tile Fig. 250 represents an example of a machine of this 
kind, with cylindrical propellers surmounted by two pairs of 
rollers, made by MM. Chavassieux Long, which will manufacture 
about 1,000 slabs an hour. 

The length of body when divided is cut to the measure de- 
sired with an ordinary cutting machine ; the “batts” thus obtained 
are then put into a heap and kept damp for about twenty-four 
or forty-eight hours. 

The “batts” are afterwards separated from one another and 
put between the moulds of a press. These moulds are to crush 
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them, the working of them having been described in Art. 
110; it is enough to mention the way in which the metallic 
moulds are covered over with a layer of plaster. For that 
two pattern models are used made of polished cast iron, which 
are a reproduction of the upper and lower faces of the tile. 
These pattern models are carefully cleaned by means of an 
emulsion of soft soap: then, after being covered with a thin 
layer of soap by a brush, the plaster prepared as described in 
Art. 106 is poured over them. A certain quantity of plaster 
is run in the same way into the metallic shells, then each 
pattern model is put on the corresponding shell, the whole is 
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Fic. 250.—Machine for the Cakes of Body. 


pressed for about half an hour, the pattern model is removed, 
and the shell, covered with a layer of plaster, is dipped in water 
for an hour. The mould is then ready for use. 

Fig. 251 represents at the upper part the two shells, and 
at the lower part the two pattern types of a Marseillaise tile. 
The pressure of the pattern model against the shell is usually 
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done by means of a screw fixed on a wooden table by a cast- 
iron arch (Fig. 252). 
The presses used for manufacturing tiles of semi-soft or 





Fic. 251.— Patterns and Moulds for Tiles. Fic. 252. Press for making Plaster 
Moulds. 

semi-stiff paste are all with tappets or eccentrics, and act by 

pressure. Fig. 253 represents a machine of this kind, with two 

lower moulds and an upper mould, made by MM. Chavassieux 


Fig. 253.—Press for Tiles. 


Long. Each lower mould is slipped by turns under the upper 
mould, to which the motor gives an alternate motion, from the 
top to the bottom and from the bottom to the top. They are 
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taken out of the mould by placing a framework on the tile, 
which remains sticking to the lower mould, then holding this 
board with the hand and turning the mould over on to it, s0 
as to give it the position shown on the left hand side of the 


Fic, 254.—Tile Press. 


engraving. By employing only one workman as moulder this 
machine can produce about 250 tiles an hour; it may reach 
400 tiles an hour with two moulders. 

For larger quantities “five piece” presses are used, invented 
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by M. Schmerber, an example of which was given (Fig. 109) 
on page 229. This machine, 
made by MM. Boulet et Cie, 
produces about 500 tiles an hour 
with a single moulder work- 
ing it. Fig 254 represents a 
machine of this kind made by 
M. Pinette, the working of which 
is identical with that of the pre- 
ceding press 

The tiles, when thus moulded 
and placed on little boards, are 
carried to the drying sheds, 
where, after having been dried 
for some time, and have acquired 
the consistency of stiff body, they 
are clipped, that is to say, are 
stripped of the lines caused by 
the body oozing out between the 
moulds. 

216. Manufacture in a Press 
| with Stiff Body.—The moulding 
of tiles in stiff body is done in 
the same manner as moulding in 
semi-soft or semi-stiff body; but 


hine for Slabs (Cakes). 





other machines must be employed, 
because of the greater pressure 
which must be exerted to draw 
out the cakes and mould the tiles. 
The body naturally must be pre- 
pared as was described in Article 
89 (p. 160). 

Screw propellers cannot be 
used, and it is necessary, for the 
making of the slabs, to have 
recourse to piston propellers, or 

else to cylindrical propellers. The first solution is adopted in 
the machine shown in Fig. 255, made by M. Pinette, which is 
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composed of two condensing boxes, one being worked while the 
other is being filled. The body comes out of the die in the form 
of a prism having a width and thickness equal to that of the 


Fic. 256.—Machine for Slabs (Cakes of Paste). 


“batt,” which is afterwards cut off at the desired length by 
means of balanced knives. According to the pattern, this machine 
can turn out from 400 to 1,000 slabs an hour. With a single 
condensing box the yield is reduced to 300 slabs. 
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While speaking about the manufacture of hollow bricks of 
large size we said that a rather firm body and piston propellers 
should be used The preceding machine is specially suitable 
for this style of manufacture. 

Fig. 256 shows a machine for making slabs in which the 
propelling force is by means of a cylinder. The body, on coming 


Fic. 257.—Tile Press. 


out of the die plate in the same shape as in the preceding 
machine, is forced to pass between two rollers that it sets in 
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motion, and one of them has an edge which cuts the prism of body 
into pieces corresponding to the length of the slabs It must be 
mentioned that in this machine, constructed by MM. Boulet et Cie, 
the use of cylinder propellers does not allow of the body being of 
such a stiffness as it may have when piston propellers are used. 

Contrarily to what is done when manufacturing with semi-soft 
body, the cakes of hard body are pressed immediately they are 
squeezed out. 

The moulds that are used in this case cannot be of plaster, 
which would be broken; polished cast-iron moulds must be used, 
which are oiled to prevent them sticking. Often it is advisable 
to grease the cake itself before it is put under the press. 

For making tiles of hard body striking presses are princi- 
pally used, such as were shown in Figs 106 and 107 (pp. 226 and 
227). Fig. 257 shows a machine of this description, but stronger, 
arranged for making ridge-tiles, but available also, by changing the 
moulds, for pressing tiles. The lower mould being in the position 
shown in the engraving, the cake is put into it, then it is pushed 
under the upper mould. Then, by working the side lever, one 
of the vertical discs is brought in contact with the upper 
horizontal fly-wheel, which causes the screw to fall. The pressure 
exerted is in proportion to the active force accumulated in the 
fly-wheel. By a second movement of the lever the other disc 
is made to act, turning in the opposite direction, which moves 
the screw up again. The lower mould is then brought forward 
and balanced. This machine, made by M. Pinette, can press 300 
to 350 tiles an hour, reckoning them at 13 to 14 per 10? sq. ft. 

Sometimes eccentric presses are also used, but these machines, 
which only give a definite pressure, are less useful than the pre- 
ceding press, which is called a friction press, and which allows, 
according to the stiffness of the body and the size of the object 
to be made, of graduating the pressure by the distance given to 
the screw, and by exerting two or more successive pressures. 

When they come out of the press, the tiles are placed on a 
turn-table and clipped by hand. It has often been tried to do 
this clipping by machine, by placing the tile under a frame bearing 
sharp edges which, when they descend, come and cut off the edges. 
Up to the present the use of these machines has not spread. 
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217. Drying.—It is only when tiles are made of very stiff 
body that they can be carried and put on the stages without 
being supported by wooden frames. Nearly always the latter 
are indispensable. The shape and dimensions of them depend 
on the type of tile For example, Fig. 258 shows one of the 
arrangements that is most used; three wooden strips are nailed 
on to two cross pieces. As the tiles have to dry on these 
frames, and as this drying lasts usually from ten to twenty 
days, if artificial drying is not employed, the result is that 
the number of frames used, even in a tileworks of moderate 
size, is considerable. It is necessary in making them to use 
good dry wood, which will not easily warp by the damp of 








Fic. 258.—Framework for 

a Tile, Fic. 259.—Wheelbarrow for Tiles. 
the body when fresh moulded. The warping of the frame 
naturally involves that of the tile as well. 

The methods of carrying the tiles into the drying sheds 
are the same as those used for bricks; there is therefore no 
need to repeat them. It is sufficient to say that the little waggons 
are scarcely ever employed, and that wheelbarrows, instead of being 
flat, are usually of the kind shown in Fig. 259. 

The drying of the tiles is generally done in large ventilated 
buildings over the kilns, the waste heat from which is thus 
made use of. More rarely independent sheds are used. The 
different kinds of artificial drying sheds, formerly described, 
naturally can just as well be used in this case. 
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As tiles generally weigh from 44 lb. to 7 Ib., the amount of 
heat and the volume of air required for drying them are about 
the same as for plain bricks, and it is sufficient to refer to the 
calculations made in reference to the latter. The duration of 
the drying is, however, decidedly shorter, on account of their 
small thickness, 

218, Burning.—The same as for bricks, the burning of tiles 


ij mnop 


Plan 
Fi. 260.—Charging of Tiles and Bricke. 


ought to be done in kilns with continuous firing, except for 
small quantities, in which case semi-continuous kilns must be 
used. This is only quite exceptional, as, for example, in small 
factories in the colonies, when intermittent kilns with ascending 
(Fig. 158) or descending flames can be used. 

In burning tiles, as in that for ornamental bricks, the: fuel 
or the ashes must be prevented from coming in contact with 
the goods. When, as is most frequently the case, plain. or 
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hollow bricks and tiles are all manufactured at the same time, 
it 18 wise to use by preference the kiln shown on Fig. 221 
(page 487). Then the bricks can be used to form the heating 
shafts, and to cover the bottom of the kiln. This method of 
charging, which needs 40 per cent. to 60 per cent. of bricks, is 
shown in Fig. 260. | 

The manner in which the tiles are placed in the kiln de- 
pends on their shape. But one should always try to avoid their 
warping while burning by leaning them against one another. 
The tiles are usually placed in twos, being put against one 
another in such a way as to take as little room as possible, 
and to protect the projecting parts. 

The tiles for fitting together are packed close together, the 
spaces that are left between them being sufficient to ensure the 
circulation of the gases and flames. 

The same applies to round tiles, which are placed upright 
on one another. As to flat tiles, it is not so easy to charge 
with them, as spaces must be left in that case. When they are 
thin they cannot be charged in bulk, but they must be put in 
slips, by using bricks or special pieces when necessary, 80 as 
to form cases for them. This method of charging ought to be 
used for other tiles as well. Then they are to be burnt at a 
temperature approaching that at which they will get out of shape. 

The simultaneous burning of hollow bricks and tiles gives 
excellent results. Owing to the slight thickness of these goods 
the burning can be very rapid, and the thermic yield of the 
kiln be above that when plain bricks are burnt. By admitting 
a proportion of air double the quantity that is theoretically 
necessary, the kiln can be made to work with the following 


thermic conditions :— 


Heat produced by combustion . 100 ; Heat theoretically necessary . 100. 
Heat furnished by being collected 50 | Heat lost by heating the walls . 20 
Heat lost by radiation . . 25 
Heat lost through the chimney . 5 
150 150 


— 


In this case then the yield of the kiln can reach 100 per 
cent., the heat furnished by being collected together compen- 
sating for the heat lost. 
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When it is necessary to make tiles exclusively in the pre- 
ceding kiln, the heating shafts that were made of bricks to be 
burnt can be replaced by a kind of fixed furnace of firebricks, 
put about 6} feet apart. Fig 261 shows an arrangement 
of this kind proposed by M. Haedrich. The fuel thrown 
in through a central opening falls on the bricks put in steps 
between two walls that are half a brick thick. The air follows 
the path shown by arrows. The ashes remain between the walls 
without diffusing into the kiln. This arrangement makes it 
much more difficult to look after the kiln, necessitating too 
much space being lost in charging, and the furnaces often have 
to be repaired. Except in certain special cases, it is better to 


Y 





Fic. 261.—Fixed Firebrick Furnaces. 


use gas for burning them, by adopting the arrangement for the 
burners that are called candles, like those shown in Fig. 170 
(page 368). Fig. 262 shows the whole of a kiln of this 
description with more details. The gas, coming from the gas 
generators through two lateral channels, is carried to the 
burners by movable iron pipes. The charging is done in 
trenches (A), leaving between them a space in which are the 
burners, and where the combustion takes place; the gas passes 
out perpendicularly with the circulation of the air. The work- 
ing of this kiln is ‘the same as that of the kiln formerly de- 
scribed in Fig. 221 (page 487). 

Burning by gas has the advantage of doing away with the 
defects due to the contact of the carbon, the heating is more 
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rapid, and the temperature more easily regulated. On the other 
hand, it is more costly to put in, and the thermic yield of the 
kiln is lessened by the loss due to gasification, which was 
valued in Art. 159. 

Continuous kilns with trenches also solve the problem of 
the exclusive burning of tiles. The principle of them has already 
been described (page 370), and Fig. 263 shows the whole arrange- 
ments of a kiln of this kind. The tiles are charged in trenches 
equal to the length of a tile, and separated from one another 
by spaces equal to the width of the bars. 

In these kilns, the air necessary for combustion is passed 
directly under the gratings and cannot be collected again. 

If, however, as is usually the case, the kiln works with an 
excess of air, this excess of air can be made to come from the 
back, as in the kilns we have just described, and on coming 
out a certain amount can be collected. 

The thermic balance of these kilns is the following, approxi- 
mately :— 

Heat produced by combustion . 100 | Heat theoretically necessary 








Heat furnished by collecting . 15 | Heat lost by the heating 0 of the 
walls. 

Heat lost by radiation . 25 
Heat lost through the chimney . 5 

| Heat lost through an incomplete 

combustion . 

t ——— 
115 115 
— , — 


The yield is reduced to 60 per cent. 

219. General Arrangements of Tile Works.—The value of 
tiles is usually 24 to 3 times as great, in proportion to the 
weight, as that of plain bricks) On the other hand, the deposits 
of clays_suitable for the manufacture of tiles are less wide- 
spread, so that tile works are factories less local than brickfields. 
The cost of transport is also very high compared to the value 
of the goods, but factories, when well placed, can yet send out 
their goods over a fairly large radius, and even sell them for 
exportation. Under these conditions, small tile works, that is 
to say those which cannot use continuous kilns, are rare, and 
only owe their existence to entirely local circumstances. Be- 
sides, we must remember what has already been said on the 
subject of the inferior quality of tiles when moulded by hand, 
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Fic. 262.—Continuous Kiln, for Gas Fuel. 
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Fic. 263.—Continuous Kiln, with Trenches. 
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and notice that manufacturing them by machine and preparing 
the body well can only be done by using a steam engine. 

. Setting aside the small factories, which become less and 
less numerous, let us remark that most tile works are placed by 
the side of clay pits; it is only very exceptionally that the raw 
materials are transported, so as to start them near the large 
centres of consumption. 

The differences which there are in the methods of manu- 
facture employed in the tile works are not sufficient to make 
important variations in the general arrangements of them. 
All the tile works recently constructed consist of large buildings 
over the kilns, containing on the ground-floor the rooms for 
preparing the bodies and for making the tiles, while the upper 
floors are kept for drying sheds. 


(b) Black Tiles. 


220. The black colour of unglazed terra cottas can be ob- 
tained by five methods :— 

1. Colouring the body by means of oxide of manganese. 

2. By an application of a black slip on the body. 

3. By dipping it in tarry materials. 

4. By burning them in a reducing atmosphere charged with 
hydrocarbons. 

5. By burning them in saggers containing powdered carbon. 

The first two methods have already been described, but, on 
account of the rather high price of the colouring oxide, they 
are only seldom used for ordinary terra cottas for building 
purposes. 

Tarring is one of the methods principally used for tiles It 
is done by dipping the goods in the liquid tar. For this purpose 
it must be sufficiently fluid to sink into the pores of the terra 
cotta; therefore it is absolutely necessary to heat it If cold 
terra cottas are dipped in it, they absorb it only on the surface, 
and the black colour quickly disappears from the action of rain. 
On the other hand, by heating them first to 50° or 60° C., the 
tar penetrates to a depth of 0787 or ‘118 in, and makes goods 
of a more or less dull unglazed black colour. 

It must not be thought that tarring helps the terra cottas 
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to resist the weather. . It is rather the opposite that takes place, 
as we shall see at the end of this chapter, when speaking of 
the tests for building terra cottas 

The process which consists in colouring terra cottas black, 
by means of a special kind of burning, is called by the name 
of blueing, because when the bodies are suitable the black 
colour has bluish, metallic reflections. The kilns for blueing, on 
account of the extremely reducing atmosphere that they ought 
to have during the cooling, are necessarily intermittent. They 
can be built in different ways Fig. 264 shows, by way of an 
example, one of the arrangements most used (O. Bock). A 
series of tunnel kilns is placed side by side, communicating 
with a chimney through a central subterranean channel. The 
heating is by two fireplaces at the ends. Two shafts (funnels) 





Fig. 264.—Kiln for Blueing. 


are used for pouring in the oil, of which we shall speak later 
on. Hardly more than two burnings a month can be done, the 
cooling lasting from seven to ten days The charging, warming, 
and burning properly so called are done in the same way as 
for ordinary terra cottas It is only when the maximum tem- 
perature has been reached that the special operation of blueing 
commences. Formerly for this purpose green wood was used ; 
with this they charged the furnace, then shut all the openings 
of the kiln and let it cool slowly, entirely by radiation. Now 
it is preferred first to entirely isolate the burning space, and then 
pour through special shafts liquid hydrocarbons, such as tar, 
or the oils arising from the distillation of petroleum or schist. 
Under the influence of heat these bodies are decomposed, and a 
deposit of graphite is formed in the interior of the pores of the 
terra cottas which colours the whole mass If the bodies do 
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not contain iron, or if the latter is combined with the lime which 
may be in them, the colouring is of a more or less greyish 
black, with a more or less dirty look. If, on the contrary, 
the body is ferruginous, the peroxide is changed into protoxide, 
perhaps even partially into metallic iron, and gives a very 
beautiful blue metallic shine to the terra cotta. From 171 to 55 
lb. of oil are needed for a thousand tiles, this oil being put in 
two or three times at intervals of one or two hours. 

For this operation to be very successful, it is absolutely 
necessary for the kiln to be perfectly air-tight, and for no air 
to get in, as that would burn up the graphite, as long as the 
temperature of the goods does not fall below dull red. When this 
temperature is reached the cooling can be hastened without dis- 
advantage by opening the upper orifices of the kiln or the 
damper of the chimney. It must be noticed that, as a consequence 
of the cooling, there is.a tendency for a partial vacuum to be 
formed in the burning space; also, too many precautions cannot 
be taken to keep this closed in a suitable way and prevent the 
outer air from getting in. 

A beautiful brilliant black can be given to terra cottas blued 
in this way by rubbing with a brush full of blacklead But 
as this shine is not durable, the process ought to be absolutely 
condemned. Besides, it can easily be recognised by the black 
marks that the goods leave on the fingers. 

Lastly, a black colour can be given to tiles by charging them 
in saggers, or in a kind of box formed of bricks or terra cotta 
slabs. There is thus formed, in the saggers or boxes, an 
extremely reducing atmosphere, which acts in the same way 
as that of the blueing kilns. Although this method has the 
advantage of not needing special kilns, the difficulties of charg- 
ing them are somewhat great; also it is scarcely used, as we 
shall see further on, except for paving tiles and ornamental 
pottery. 


§ 3. PAVING TILES. 


221. Paving tiles are used either for paving or for putting 
on walls. In the first case they are either of terra cotta or of 
stoneware; in the second case they are of glazed terra cotta, 
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faience, stoneware, or porcelain. At present we shall speak 
only of polychrome paving tiles in unglazed terra cotta and with- 
out ornament. | 

It is often rather difficult to distinguish paving tiles of terra 
cotta from stoneware ones; we shall here only talk of those 
the body for which is decidedly porous and relatively softer, 
thus making them rank without doubt among the terra cottas. 
The others will be mentioned in the chapter devoted to stoneware. 

The shape of terra cotta paving tiles is usually either square 
or hexagonal, the side of which or the diameter of the circum- 
scribed circle varies from 13 to 6 inches, the most usual size 
being 7% inches. The thickness depends on the other dimensions, 
on the method of making, and on the nature of the body, varying 
from 0°39 to 1°96 inch. 

The body used for manufacturing paving tiles is the same 
as that for making tiles, and the methods of moulding are 
identical. 

Moulding by hand in a wooden frame is still sometimes 
employed, principally for large paving tiles, or rather for slabs, 
but machine moulding, which gives firmer goods, is preferable 
in all cases The same as for tiles, they can be made by 
squeezing out, when the paving tiles are finally cut to the 
desired dimensions on a very simple cutting board, or even by 
preparing a slab by means of drawing, which is afterwards 
moulded in a press. When this is roughed out of semi-soft 
body it is allowed to harden before being pressed, as has been 
described for bricks. When, on the other hand, it is made of 
firm body it is pressed as soon as it is drawn out. 

Ordinary paving tiles that do not need care are in the shape 
of prisms, the base of which is the square or hexagon, and the 
height is the thickness. As they are put on in a bed of mortar, 
they have the disadvantage of showing the joints all round 
them. This defect can be remedied by giving the paving tiles 
the shape of a truncated pyramid, the larger base of which is 
the face that shows. When they are put on the sides of this 
face are made to touch in such a way as not to let the joints 
show, the mortar settling in the triangular space, open at the 
bottom, formed between the two paving tiles side by side. 
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In the first case the moulding may be done by means of 
all the presses that have already been described. In the second 
case special arrangements must be employed. The most simple 
method, if not the most economical, consists in moulding by 
hand or squeezing out and then repressing a rough paving 
tile slightly larger than is wanted, and afterwards trimming 
it by hand. For this purpose to the lower face of this paving 
tile, put on a slab of marble, is applied a metal templet, having 
the dimensions of the base of the paving tile, but the projecting | 
sides of which are sloped and narrowed towards the top. By 
applying the edge of a knife round these sides the body is cut 
off obliquely, and a paving tile is thus cut into the form of a 
truncated pyramid as desired. So that the templet shall not get 
out of place during the cutting, there are little points on it, which 
press into the body and keep the whole steady. 

By using the machine shown in Fig. 265 a rough-shaped paving 
tile can also be pressed out, and the desired shape be given to it. 
There are two moulds, which turn round on one of the uprights 
of the press, which by turns are used for taking out of the 
moulds and in pressing. The moulds are formed of a bottom 
which is joined to it and a frame moving on a hinge, the sides 
being sloped towards the bottom. The rough slab being put 
into this frame, the pressure forces the body to spread out, so 
as to fill the enlargement at the base of the mould, then the 
surplus goes between the piston and the frame, that is, on to 
the face that does not show. To take them out of the mould 
the frame is raised, as shown at the left of the engraving, and 
-the paving tile which remained on the bottom of the mould is 
taken out by hand. 

This press, made by M. Pinette, can press 500 paving tiles 
an hour. The only disadvantage is that there is more pressure 
on the lower face of the paving tile, while the opposite would 
be better. Care must be taken to put the rough slab well 
on the surface of the mould, in such a way that no air bubbles 
can remain under it, as these would cause defects on the sur- 
face that shows. The same arrangement of moulds, naturally, 
can be adapted to all the presses that have been described 
already. 
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After being made, the paving tiles are generally put together 
two and two, with the visible faces in contact, and are put 
thus in the drying sheds When they are thin ones care must 
be taken that they do not get out of shape; also, it is necessary 
to dry them in piles, the upper paving tile being covered 
with a burnt paving tile on which rests a brick or some kind 
of weight. This method has the disadvantage of making the 


Fic. 265.—Press for Paving Tiles. 


drying considerably slower, but it is absolutely necessary to 
employ it in order to obtain straight goods. 

The paving tiles are burnt in all kilns that are used for 
tiles. Thick paving tiles can be charged in twos, as we have 
just said, by putting them in flat so as to leave spaces Thin 
paving tiles ought to be piled up so as to prevent them 
warping, and the other goods charged at the same time in the 
kiln as the paving tiles should be placed in such a way as to 
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prevent these piles from tumbling over. It is necessary to have 
a smoking, very slowly and carefully, before the burning. If 
at the commencement of the slow firing there remain any 
traces of damp in the piles, there are formed round the paving 
tiles whitish blotches that are very ugly. In the same way the 
slow firing must be carried on very gently, to prevent the same 
thing from happening when the water of combination is being 
driven out. These precautions, that must be taken during the 
drying and burning, make the manufacture of paving tiles more 
difficult than that of any other terra cotta for building pur- 
poses. Ordinary paving tiles are usually made in tile works, and 
do not need any implements or special arrangements, except those 
that have just been mentioned. 


§ 4. PIPEs. 


222. Pipes for Gas Channels.—The terra cotta pipes used 


on buildings are of two kinds: those intended for conveying 


gas and those intended for water courses. 

The pipes for gas are used as chimneys and ventilators. 
They are of very varied shapes, the description of which be- 
longs rather to the art of building than of pottery, because, 
whatever the arrangement employed, the methods of manu- 
facture are the same. We will then describe the following types 
(Fig. 266) by way of example, without discussing the use of 
them or their respective merits. ' The round vents or flues, 
Type I, are round pipes with ridges at the two ends, from 
54 to 92 inches in diameter and 117 to 19% inches in height. 

The flues, Type IL, are rectangular, with rounded corners, 
also for fitting together with ridges, the interior dimensions 
varying from 5 by 7 inches to 95 by 115 inches, with a height 
of 117 to 195 inches 

These two types of pipes can be placed in an independent 
manner, while the bonded flues, Type III, are built into the 
walls) They are made straight or sloping, or with projections to 
keep them together better. 

Lastly, in some cases, by an idea of beauty that is perhaps 
only imaginary, the walls of them are made hollow, Type IV. 
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in the hope of isolating them better. The body used for these 
pipes is the same as that used for making hollow bricks. 

The moulding is done by squeezing them out in semi-soft 
body, with piston propellers, generally worked by hand Fig. 


Fic. 266.—Types of Pipes for conveying Gas. 


76 (page 200) shows a machine of this kind, made by M. Pinette.. 
A metallic cylinder is filled with body, pressing it together as 
much as possible so as to prevent empty spaces being left, then 
the piston is set in motion by means of a crank. This piston 
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descends vertically and forces the body to pass out through a 
die plate below, arranged as shown in Fig. 69 (page 196). 

The body when moulded rests on a balanced platform, which 
goes down with it. When the desired length is reached, the 
workman is warned by a noise: he leaves off turning the crank 
but keeps it in position, and a second workman slips along the 
frame, which is provided with a metal wire, and cuts off the 
eylinder of the body. The platform is leaned upon to make 
it go lower down, and the moulded pipe is taken away, resting 
on a little board, to be put into the drying shed. Lastly, by 
means of a pedal the platform is raised again and a second 


Fia. 267.—Machine for Pipes. 


squeezing out is commenced. The moulding is thus carried on 
until there is no more body in the machine. Then the piston 
is raised, and, after refilling, the process is begun again. 

During the time of stopping that is required for cutting 
them, it is absolutely necessary to keep the crank in place on 
account of the compressed air that there always is in the body 
of the cylinder, which would otherwise raise the piston and 
produce inequalities in the pressure, which would cause defects 
in the moulding. 

Fig. 267 shows a machine of the same kind with a 
rectangular piston, in which the body is put in through a side 
door behind, and this is afterwards firmly closed up. 
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In order to increase the amount produced two cylinders 
can be used, turning round one of the uprights of the machine, 
as shown in Fig. 268; one of these cylinders is being loaded 
while the other is being worked (MM. Boulet et Cie). 

The preceding machines can make from forty to eighty pipes 
an hour. In larger factories machines with continuous work- 


Fic. 268.—Machine for Pipes. 


ing are made use of; these will be described à propos of 
moulding pipes in stoneware (Art. 278). 

When sloping pipes have to be made, it is sufficient to 
incline the board on the platform, and to place the cutting 
frame in such a manner as to give it a position parallel to 
this inclination. To make the ridges, the body is allowed to ~ 
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become hard; then a little strip of the outside body is taken 
out by hand, by means of a small cutting instrument that is 
passed round the pipe Some time afterwards the pipe is turned 
over, and the same thing is done on the inside. 

The baking of these pipes is done in brick or tile kilns. 
In the charging they are arranged vertically, by placing, if 
possible, two pipes of different sizes inside one another. 

These are made in tile works, or even in brickfields They 
do not, as a rule, present any difficulties. When the pipes are 
cracked or even broken they can be mended with plaster, and 
they profess that these mended pipes are afterwards more 
solid than the others 

223. Pipes for Water Courses.—The terra cotta pipes for 
carrying water were formerly very much used, but now they 
are almost entirely replaced by stoneware pipes, so we shall 
speak of them when talking of the manufacture of those wares, 
the process of moulding being the same. As to the burning 
of them, it is done in the same way as that of the preceding 
pipes. These terra cotta pipes are often glazed inside to make 
them watertight; the methods used for this purpose will be, 
as we said at the beginning of this chapter, discussed in 
Chapter XI. (Art. 247). 

There is, however, a kind of pipe which cannot be made 
in stoneware, and about which it is advisable to say a few 
words ; these are pipes for drainage We know that these 
are simply cylinders of about 236 to 7°87 inches in diameter 
Inside, and that they are put together by placing their ends 
in a piece of pipe of a larger size. They are made by being 
pressed out in machines similar to those used for hollow bricks. 
For this purpose die plates similar to those shown in Fig. 269 
are used. For the large diameters only one pipe is made at a 
time, while for small sizes two, three, or even four can be made 
simultaneously. They are cut with the same cutting apparatus 
that is used for bricks. As to the burning, that is done in brick 
or tile kilns, by putting the smaller pipes in the larger ones, 
and piling them up so that their length is the same way as 
the current. This manufacture, which is a very easy one, is 
done in tile works or brickfields. 
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§ 5. ARCHITECTURAL TERRA COTTas 


224. Besides bricks, tiles, paving tiles, and pipes of all kinds 
and sizes, numerous kinds of terra cottas ard used in building that 
do not belong to these classes. Most of them are for a deco- 
rative purpose, and are made either from the current patterns 
belonging to the manufacturers, or according to the original 
designs of the architect or the decorator. 

The bodies used in the manufacture of these architectural 
terra cottas ought to be plastic enough to lend themselves 
easily to moulding by hand. The preparation of them, which 
must be very carefully done, is best done in dry powder, if, as 
is almost always the case, the goods are required to properly 
resist the weather. It is equally necessary that the body should 


Fic. 269.—Draw Plate for Drainage Pipes. 


be somewhat fine, that is to say, that the grains which it con- 
tains should not be coarse, for without that the ware would 
have a rough surface which would be filled with all the im- 
purities of the air, and would quickly look disagreeably dirty. 

In some cases moulding by expression or turning can be 
employed, but mostly moulding by hand in plaster moulds has 
to be resorted to. If the number of pieces to be made is very 
few, the expense of the moulds may considerably increase the 
cost price of these terra cottas. This method of making has 
been already described in the chapters devoted to moulding 
and decoration, with all the variations belonging to them. 
The general rules have also been given that one ought to try 
and follow in making the patterns (Art. 118) in order to 
obtain wares which will not be liable to warp or break. It is 








TERRA COTTAS. 543 


advisable, however, to add that it is difficult in terra cotta to 
obtain long, straight pieces, as, for example, the handrails of 
balustrades : hence it is better to make smaller pieces and have 
more joints. 

The drying is done in the moulding shop or in an adjoin- 
ing drying shed, so that the drying can easily be overlooked 
by the moulder. | 

The burning is done in the kilns used for tiles or paving 
tiles by protecting the architectural terra cottas from the flames 
by means of other less delicate goods. Muffle kilns are also 
used sometimes, although in that case there is a danger that the 
temperature for burning them will not be high enough. In 
factories devoted entirely to making architectural terra cotta 
it seems best to use round kilns with descending flames. 

Architectural terra cottas are decorated either by their 
shape or colour. Concerning the former, there is nothing to 
be added to what has been already said; on the other hand, 
the colouring needs additional explanation. 

Mostly, a single piece has to have a nearly definite uniform 
colour. When this colour varies from pale yellow to orange, red 
and reddish-brown, it is obtained by mixing the clays, follow- 
ing the directions given in Art. 147 as to the different colours 
produced by oxide of iron. White colour, or rather yellowish- 
white, requires the use of white refractory clays, made suitably 
thinner with white sand or cement, with the addition of a certain 
proportion of marl, so as to give the body some lime as a flux. 
Alkalies can also be used, naturally, but the price of them is 
considerably higher. But the scraps of window glass can be used 
with advantage. 

The use of fluxes is indispensable, in order to lower the tem- 
perature at which they are burnt, and to obtain goods which 
will resist the weather. The proportion of them must be such 
that a hard, well-burnt body can be obtained between 1,000° 
and 1,200° C.; below that there is.a risk of the carbonate of lime 
not being entirely decomposed, and above that, the traces of 
oxide of iron, which all clayey bodies must necessarily contain, 
will give them a brighter colour the higher the temperature 
is. Some special pottery manufacturers produce a kind of 
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terra cotta which imitates perfectly the natural calcareous 
stones. 

There have been used also, in making ware in imitation 
of stone, some white sands, with the addition of alkalies, like 
those used for polishing glass, and which are the waste from 
the manufacture of glass The disadvantage of these sands, 
which, however, give beautiful and good ware, is their want of 
plasticity, which necessitates their being moulded in powerful 
presses, usually with hydraulic power. 

Lastly, the bodies of a grey or black colour can be obtained 
by burning them in a very reducing atmosphere, using the 
methods already described à propos of black tiles (Art. 220). 
When the cost price is not against it, the bodies can also be 
coloured with colouring oxides. The only oxides used are those 
of iron and manganese. The former are furnished by earthy 
ochres or certain iron ores, the latter by the ores of manganese 
that have been more or less washed. It is only a very ex- 
ceptional thing, with bodies that are very slightly coloured, 
that oxide of cobalt can be added to give the blue shades. 
The colours thus obtained were discussed in Art. 189. 

When, for reasons of economy, or on account of certain 
difficulties of manufacture, the desired colour cannot be given 
to the body, then slips must be resorted to. The composition 
and application of them have already been discussed (Arts. 
114 and 190). In order to obtain a perfect agreement between 
the body and the slip, there must be put into the latter as 

large a proportion as possible of the body itself. Thus slips 
= with more colour than the body can easily be produced. On 
the other hand, the light shades, and white in particular, are 
much more difficult of application. The white clays, which then 
have to be mixed together, make the slip much more refractory, 
and calcareous or alkaline fluxes must be added to it. The 
white slip in particular, which always requires rather a high 
temperature for burning it, can only be applied to bodies 
which are relatively only slightly fusible. It is seldom that it can 
be used without the composition of the body itself being modified. 

The application of these slips is either with a brush on the 
ware when nearly dry, or by the method of making by in- 
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crustation, described in Art. 114 The processes of drying and 
burning have been already mentioned; it is sufficient to add 
that white slips must not be placed by the side of coloured bodies 
or slips. In fact, there is always a certain volatilisation of the 
oxide of iron, which would soil the white bodies. 


Architectural terra cottas, instead of having a uniform colour, ~ 


can also be of different shades. Naturally, for this purpose, 
slips of different colours can be made use of. We must, how- 
ever, observe that, except for certain wares with distinctly 
marked different reliefs of plane, this method of decoration gives 
hard tones, that are not very satisfactory in appearance. Usually, 
it is better not to put different colours by the side of each other, 
but only to try and shade the natural colour of the body. 
In that case decoration by impregnation can be used advan- 
tageously (Art. 189), by using either a very light slip, or simply 
some of the colouring matter diluted with water. It is applied 
with a brush in successive layers. This method can produce 
very remarkable effects by lightening, for example, the parts 
that are in relief and by darkening the sunk parts. 


§ 6. VasEs, STATUES AND DECORATIVE OBJECTS. 


225, The manufacture of decorative objects in terra cotta 
dates from great antiquity. We see in the history of pottery 
that the Greeks especially, by the purity of the shapes and the 
finish of the decoration, attained perfection. This beautiful 
manufacture disappeared after the fourth century, to give place 
to coarse ware without any artistic value The introduction 
of faience during the Renaissance turned the potters away from. 
terra cotta, and it was only from the nineteenth century that. 
decorative objects of this kind were manufactured again. 

At the present time vases, statues, jardinières, flower-pot 
stands, and all other terra cotta objects that are used for de- 
corating dwellings are manufactured by processes similar to 
those that have just been described for architectural terra cottas. 
The bodies employed are, however, finer, the clays are always 
washed, and the sands which are used to open them must be 
very fine, so as to give the ware a smooth and even polished look. 


ae 
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They are made by turning or moulding by hand in plaster 
moulds. For statues they must necessarily be moulded in 
several pieces, which are afterwards stuck or joined together, 
because we must not forget that all the thicker parts, such as 
the trunk, the head, ete, ought to be hollow. The joining to- 
gether of the parts is a somewhat delicate operation if the model 
is to be reproduced exactly. It very often happens that the posi- 
tion of certain parts, such as arms or legs, is not noticed exactly, 
a defect which takes away a great deal from the artistic value 
of these goods. Besides, the moulders frequently have the bad 
habit of touching up to round off the contours, which results 
in the reproductions being finished in undecided forms that have 
lost all the character of the original. 

The drying is done in the moulding shop, and the burning 
usually in a muffle or in saggers. 

These terra cotta wares are made in some tile works and 
potteries. There are also some special works for them, par- 
ticularly in large centres of consumption. 

Concerning the decoration chiefly resulting from the forming 
of them, we need only refer to what was said on this subject 
in Art. 188, Great importance is also attached to this, that when 
the piece is to be of one colour, that colour should be uniform. 
The same as in architectural terra cottas, by using suitable 
clays wares of a yellowish white, yellow, pink, orange or red 
can be obtained. For grey or brown colours oxide of manganese 
is mixed with the body. In this case it is not wise to burn 
them in a reducing atmosphere, especially if it is to be done in 
a muffle. 

This uniformity of tint needs a careful manufacture, and 
especially a very regular burning. It frequently happens that, 
in order to keep these terra cottas a beautiful shade, they can 
only be burnt at a very low temperature. This is not a dis- 
advantage if the goods are kept inside buildings, but they 
cannot be exposed out of doors without being quickly spoilt. 

It is easier to’ get this uniform tint by putting over the 
ware, when made, a slight slip, made of the body diluted with 
water. Some manufacturers get rid of all these difficulties by 
simply painting the burnt ware with water colours or with a 
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size. This process, which takes away all ceramic value from 
the ware, is, besides, easily recognised by the traces of colour 
that comes off when rubbed with the finger or with a damp 
cloth. 

Ware of many colours is easily obtained by means of 
coloured slips. These slips can be thick enough to allow of 
different designs being made with a brush: for example, orna- 
ments, flowers, figures, standing out in white on a coloured ground. 
This is the process known as barbotine painting (Art. 190). 
Very diluted slips can also be used; these are also put on 
with a brush, in successive layers, so as to form shades. Thus 
more relief can be given to the model, by darkening the lower 
parts and lightening the projections, or even by covering with 
different light tints, the various parts of the ware. This latter 
method has latterly been very much used for decorating statues. 


§ 7. COMMON PoTTERY. 


226. These wares are the most ancient that were made, ex- 
cept perhaps in Egypt. As we said in the historical summary 
of the potter’s art, they are found among all nations at the 
commencement of their civilisation. Until the middle of the 
Middle Ages they were almost exclusively used for all domestic 
purposes. Glazed ware, then faience with lead glazes, and 
finally faience of a fine body, stoneware and porcelain have com- 
pletely taken their place, except for some special purposes, and 
these are becoming fewer every day. This branch of the potter's 
industry, then, was formerly much more developed than in the 


present day. The potters were among all nations one of the 


most important guilds and often enjoyed special privileges. At 
the present time the small pottery works which drag miserably 


along can only be considered as a relic of a state of things 


that has disappeared for ever. The few common wares in terra 
cotta which are still used have usually become only a secondary 
article of manufacture in tile works and in some faience works. 

The body that was formerly used had to be made of a fine, 
fusible clay, which was mixed, when necessary, with an equally 
fine sand. When a suitable clay could not be found mixing 
was resorted to. The preparation consisted in treading and 
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kneading. The body, which was always rather soft, was 
built up either by hand, without moulds, by using pellets for 
large pieces, or else by turning, the last finishing consisting of 
cutting the ware by means of a templet. Lastly, the burning 
was done in horizontal kilns with a single fireplace, or else in 
square kilns with ascending flames, which naturally were heated 
by wood. 

The moulding of these ancient objects was often very remark- 
able on account of the considerable size of the pieces, as it was 
remarked when on the subject of jars or amphora (Art. 10). 
On the other hand, the burning often left much to be desired. 
It seems that the ancient potters found serious difficulties in 
the way of getting a high enough temperature; they also used 
very fusible clays, especially calcareous ones, whence the name 
of potter's clay, which has been given to a kind of ferruginous 
calcareous clay, still mentioned by certain authors as being 
necessarily used as a foundation in the manufacture of this class 
of ware. 

At the present time the bodies employed are the same as 
those that are used for making tiles) These bodies, after being 
prepared in the way already described, are kept in a heap in 
the shape of blocks in the moulding shops of the potteries. 

The method of moulding naturally depends on the shape 
of the objects For household utensils, which are usually round, 
turning is used; this is sometimes made more accurate by 
means of a templet. The handles, spouts and feet are put on 
by sticking. Flower-pots are also almost always turned. They 
can also be made by moulding on the jolley (Fig. 100, 
page 219), though this method needs a considerable number of 
moulds. Lastly, they can be done by moulding in a press, as 
shown in Fig. 102 (page 222). In that case it is wise, before 
taking them out of the mould, to give a certain rotatory motion 
to the chuck, so that it may spring away from the piece which 
ought to remain in the mould. With this machine fifteen pots 
of medium size can be made per minute. 

The wares of this class being always thin and relatively 
light, they are easily dried in the moulding shop or on the 
stages placed close by. 
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If the factory has continuous kilns, the burning can be 
done without any difficulty; nevertheless they must be charged 
in such à way as to protect them, by means of coarser ware, 
from contact with the flames or ashes. If a special kiln is desir- 
able, it will be enough, when the output is always small, to use 
a small round kiln with descending flames. 

When the ware has to be exposed to the weather, it is 
necessary to burn it at a rather high temperature, and to 
follow the directions which will be given on the subject of 
experiments in terra cotta. 


§ 8. POTTERY FOR WATER AND FILTERS. 


227. These wares have been made for a very long time in 
all southern countries for cooling liquids. On account of their 
porosity the liquid oozes out on to the surface of them, and 
if they are carefully put into a current of air a quick evapora- 
tion takes place, which lowers the temperature by from 5° to 8°. 
They are also sometimes used as filters. 

The body used is the same as that used for ordinary ware, 
only different methods are used to render it more porous. If 
the clay used is sufficiently plastic it will be sufficient, as a rule, 
to add sand to it, or, better still, some grog of burnt earth, and to 
heat it at a comparatively low temperature, which bas no dis- 
advantage in the use that is made of these wares. The same 
method can also be used that was described for light bricks 
(page 501), but then the combustible materials that were 
added to the body must be reduced to a powder, or else the 
air-holes produced would be too large, and the liquid would 
run out and not ooze out. Lastly, sometimes salt in rather 
fine grains is added to the body. At the temperature at which 
it is burnt, and which is always low, this salt remains unde- 
composed, and it is dissolved afterwards by putting the water 
bottles into water. 

The same porous body can be employed as a filter for 
clarifying liquids, and especially water. For this purpose, for 
some time now, there have also been used white bodies with 
kaolin, similar to the bodies for porcelain, but which, being 
simply burnt at a very low temperature, are really terra cottas. 
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The manufacture of these wares does not present any difi- 
culties. 


§ 9, Topacco PIPEs, 


228. There are two kinds of tobacco pipes: one kind, made 
in a single piece, composed of pipe and bowl, is used in 
Northern and Western Europe; the other, in two pieces, the 
bowl only being of terra cotta, is used in the countries bordering 
on the Danube and in the East. 

For the first ones pure clays or fireclays are used, which 
contain so little oxide of iron that when slightly burnt they 
are of a white colour. In some factories clays that contain a 
little iron are also used, but the colour is discharged by the 
presence of a certain quantity of lime. These clays are fine 
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Fi1a. 270.—Moulding of Tobacco Pipes. 


enough not to need to be washed. They are sorted by hand, 
and this is followed by a preparation in a pasty state, usually 
by hand, which must be somewhat carefully done, so as to 
make a very homogeneous mass. 

They are fashioned by being moulded by hand. To begin 
with, a little roll of body is made, to which is attached at 
one end a little lump of body. By means of a needle, termi- 
nated in a little ball, a hole is pierced down the middle of the 
roll; then, when this rough model is stiffened, the whole is placed 
in a copper mould in two parts (Fig. 270), which are pressed 
together by a screw. Then, to form the bowl, a chuck is put 
in similar to the key of a stop-cock, at the same time giving it 
a rotary motion. After the chuck is taken out, the piercing of 
the communication between the bowl and the pipe must be 
finished, by means of a point that is put in through the bowl; 
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then the pipe is taken out of the mould. This moulding, which 
is very simple, is usually done by women or children, who become 
very quick at it. 

Naturally, all the ornamentation desired can be got in the 
mould, provided it will prove no hindrance to the pipe being got 
out of the mould. If such is not the case, then it must be stuck 
on afterwards. Very good pipes are afterwards polished on the 
outer surface. 


Fic. 271.—Burning of Tobacco Pipes. 


Pipes must be dried very slowly on account of the great 
plasticity of the body, but there are no difficulties connected 
with it. 

They are burnt either in small square or round kilns with 
ascending flames when charged in saggers, or else in muffle 
kilns. Fig. 271 shows an arrangement of this description, with 
the special method of charging. 

In pipes made in two pieces the bowl is, on the contrary, 
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made of a plastic ferruginous clay similar to that used for 
making fine red paving tiles, of which we shall speak further 
on. When necessary, it is thinned with grog of the same clay. 

The bowls are made by being thrown on the wheel and 
finished off by being turned, then the part for fixing the pipe in 
is stuck on, as it has been turned separately. They are burnt 
in saggers, but on account of the simpler shape of the pieces 
they do not need a special method of charging. 

To finish tobacco pipes needs a number of different opera- 
tions, either intended to make the end that is put between 
the lips less porous or to polish them, or else to ornament 
them ; these operations are of no interest from a potter’s 
point of view, but are very much appreciated by smokers. 

On account of the dexterity that is required for making 
tobacco pipes, which can only be acquired by a long apprentice- 
ship, the manufacture of them is localised in a certain number 
of places, where there is a population of workpeople who are 
accustomed from childhood to this work. The most important 
centres of this manufacture are: In France—Saint-Omer, Arras, 
Nimes, Marseilles ; in England—London, Broseley ; in Germany 
—Cologne, Aix-la-Chapelle, Hanover; in Holland—Gouda; in 
Hungary—Debreczen. 


§ 10. LUSTRE WARE. 


229. Lustre ware was manufactured by the Egyptians, the 
Greeks, and the Romans from the sixth century before our 
era till towards the year 300, a time at which it fell com- 
pletely into oblivion. It was only in the course of the nine- 
teenth century that certain potters succeeded in making 
imitations of these ancient wares.) The Greeks, in their colonies 
of Southern Italy, had arrived at perfection; their wares, called 
Campanian, are the glory of museums, but since then pottery 
has followed other lines The porosity of the body used in 
lustre ware causes it now to be rejected by the poorest peasant, 
and to the fine, sober, severe decoration of the Greeks is pre- 
ferred the brightness and relief of modern glazes. Also the 
manufacture of lustre ware at the present time only consists 
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of an archeological imitation, so to speak, of the ancient 
models. 

The body is made with a clay, sometimes moderately plastic 
and ferruginous calcareous (Greeks and Romans), sometimes 
decidedly silicious (Egyptians). The ware was made by turn- 
ing, and this was followed by the important work of finishing. 
The burning, which is usually at a low temperature, was some- 
times oxidising, giving products of a colour varying from yellow 
to bright red; sometimes reducing, then making the body of 
& more or less deep grey tint. As to the lustres which have 
been used for covering these wares, the composition of them 
remained a secret for a long time, and now the problem cannot 
be considered to be entirely solved. 

In order to understand the processes employed in the manu- 
facture of lustre ware, we must first notice that the Greeks 
understood slips, which allowed them to make white, yellow, 
or deep red ornament by means of mixtures of white clays 
and ochres. In the second place, it is important to notice that 
they used frequently to polish the ware before it was burnt, 
an operation that has the effect of giving to the surfaces a 
particular brightness after it is burnt. These methods of decora- 
tion, added to the action of fusible ashes from the wood which 
was used as fuel, have often led people to think that some of 
their wares were covered over with a glaze. 

However, by examining closely the ancient lustre ware, it 
may be noticed that certain red and black or grey parts in the 
Greek ware, and the more or less greenish parts in the Egyptian 
ware, must have been decorated by means of a thin layer of a 
somewhat vitrifiable material, which was probably put on with 
a brush. According to the analysis made under the direction 
of Brongniart, this lustre is an alkaline silicate, the very thin 
layer of which when burning combines with the elements of 
the body. When it was red it contained oxide of iron, from 
which the colour was added to the body. The green shades 
of Egyptian pottery were produced by oxide of copper. As 
to black lustre, which was so remarkable, there the analysis 
has only found oxide of iron, sometimes mixed with a little 
oxide of manganese, but in a proportion that is insufficient in 
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an ordinary way to produce a black colour. On the other 
hand, this lustre, when heated again in an oxidising atmosphere, 
becomes red. This experiment shows that the black colour 
must be attributed only to being burnt in a decidedly reducing 
fire. As in many wares the background is black, while the 
places where the ornament comes off are red; either spaces have 
been left, or else the black lustre has been scraped off after- 
wards. 

Besides, we must take into account that the Greeks would 
not have the same ideas about pottery as we have, and that 
they would not consider a ware as finished when it came out. 
of the kiln On account of the soft nature of the body, they 
could polish it, even carve it, and then paint or varnish it. 

As to the composition of the lustres, it is still doubtful, 
on account of their uniting inside with the body, which pre- 
vents them from being taken off and analysed separately. If 
the following composition, which was given by Salvetat for a. 

black lustre, be admitted : 


Silica . . . . . . . . . 46:30 
Alumina . . . . . . . . 11:90 
Oxide of iron . . . . . . . 16°70 
Lime . . . . . . . . . 5°70 
Magnesia. . . . . . . . 2°30 
Alkalies . . . . . . . . 17°10 


then we see that it is composed probably of sand, of alkalies, 
furnished either by the ashes or by volcanic productions, and 
of a ferruginous earth Only when burnt in a decidedly 
reducing fire can it attain a black colour. 


§ 11. PROPERTIES AND TESTS FOR TERRA COTTAS. 


230. Causes of Disaggregation and the Remedies.—All terra 
cottas when well manufactured ought to be able to resist in- 
definitely the action of the weather, and the mechanical effects 
to which they are subjected in building. 

If a partial or entire disaggregation of a terra cotta is 
noticed, the causes that may have produced it are the follow- 
ing :— 

1. External physical causes: damp, vegetation, ice, saline 
atmosphere. 
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2. Mechanical causes, inducing it to crack, breaking it by 
bending or by external pressure. 

3. Internal chemical causes: the presence in the terra cotta 
of lime or magnesia and soluble salts. 

The examination of these causes of disaggregation allows us 
to decide what is the original fault in the terra cotta, and con- 
sequently to show the methods to be used so as to avoid it. 

When the terra cottas are too friable, a prolonged damp or 
frequent rains are sufficient to crumble it away. Under these 
conditions they may also be covered with vegetation, the roots 
of which will help to destroy them. This defect, which is not 
very frequent, arises from the use of bodies that are too 
sandy or insufficiently burnt. 

Frost has a more powerful and more dangerous action. In 
consequence of a lowering of the temperature, the water, which 
was absorbed already by the terra cotta, solidifies in the in- 
terior of the pores The increase in volume of ice at the 
moment of freezing creates internal tension, which may make 
the surface crack, then gradually crumble away. The saline 
atmosphere of the seaside exerts a similar action; this must be 
attributed to the formation of salt crystals inside the pores, 
which act in the same way as ice does. 

It must be observed that it is not the intensity of the cold 
that is to be feared, but a cold of only 2° or 3° below zero 
following quickly on a rainy season, because then the water 
contained in the pores of the terra cotta has not had time to 
‘evaporate, There is nothing to be feared from cold, however 
intense it may be, that follows a dry season. On the other 
hand, snow may very effectually protect the covering. These 
remarks explain why it is that some terra cottas, which per- 
fectly resist severe climates, can be crumbled away in temperate, 
but damp countries. 

In order that a terra cotta should resist the action of frost 
it is necessary— 

1. That the walls of the pores should have a sufficient 
tenacity to bear the pressure of ice; this can be obtained by 
using bodies which are sufficiently plastic, and especially by 
burning them at a somewhat high temperature. 
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2. That the pores should be uniformly spread over the whole 
mass, that is to say, that the latter should be homogeneous with- 
out planes of cleavage or of thin layers. This condition is 
naturally fulfilled when a very homogeneous body is used and 
when it is moulded by hand, either in a mould or on a wheel 
On the other hand, expression and press work always have a 
tendency to give a lamellar structure to the body. In that case, 
the water, instead of being enclosed in a number of small cells 
and causing there, when the frost comes, the tensions that balance 
each other, is found in the shape of a sheet between the different 
leaves, and exerts, by being changed into ice, a pressure which, 
by not being balanced, may cause these layers to crack. This 
lamellar structure is so much the more noticeable when the 
moulding is done with a stiff body, as, the plasticity being less, 
the layers cannot join together. In press work with a dry 
body, this primal cause of thin layers is decidedly aggravated 
by the air being enclosed in the mass, which remains imprisoned 
at the time of pressure, and forms layers that destroy all cohesion 
between the different leaves. 

The methods for obtaining terra cotta that is absolutely 
impervious to frost are the following :— 

1. A thorough mingling of the raw materials, in such a way 
that thin and rich parts cannot be found in the body, which 
would slide on one another when being moulded, without mixing 
together, thus causing a lamellar structure. 

2. Moulding with a body the consistency of which is as nearly 
as possible like that used for moulding by hand. 

3. The employment for moulding of processes and machines 
which reduce to a minimum the lamellar structure of the body 
to be moulded. 

4. When the last two conditions cannot be fulfilled, it is then 
necessary to raise the temperature for the burning process 
sufficiently to cause the fluxes in the mass to begin to vitrify. 
If this raising of the temperature cannot be done without caus- 
ing the ware to get out of shape, the only alternative is to 
modify the composition of the body. 

In a general way we may say that moulding by expression 
or by presses, with firm or dry bodies, can only produce ware 
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that is impervious to frost on condition that it is burnt at 
the temperature just mentioned. 

The mechanical causes which may account for the breaking 
of terra cottas are the following :— 

For bricks it is the weight they have to bear that may 
cause them to be crushed. Except under certain exceptional 
circumstances, the resistance of. masonry when of bricks is limited 
by that of the mortar that is used in the joints It is only 
bricks made of very sandy bodies, and too slightly burnt, that 
can be crushed under ordinary circumstances in building. If 
very resisting bricks are wanted, plastic bodies must be em- 
ployed, they must be moulded at a comparatively stiff consistency, 
without repressing them, and be burnt at as high a temperature 
as possible. The resistance to crushing per square inch of 
bricks is, in fact, as much greater as they are denser. Yet, ex- 
cept in some special cases, it is unnecessary to try and obtain 
great resistance, which can only be had at the expense of other 
qualities. 

For tiles, the greatest strain they have to bear is the 
weight of a man moving about on the roof. This would be a 
weight of two hundredweight placed in the middle of them, and 
trying to break them by bending them when they are put on, 
as they ought to be, overlapping, that is by reckoning on the 
separation of the fitting together or of the overlapping. As 
their thickness can be modified, it is always possible, with a 
certain body and method of moulding, to make tiles sufficiently 
resistant. | 

For paving tiles it is advisable to test them for wear, and 
for pipes for the resistance to an internal hydraulic pressure. 

In these two cases the greatest resistance is also obtained 
with plastic bodies, close and well burnt. 

It is also interesting to take into account another mechanical 
cause of breakage that is common to all terra cottas, that is 
the shocks that they may receive during transport, or while 
they are being placed. From this point of view, the bodies 
that. work best are also those that are most plastic, but it is 
advisable not to carry the burning to the point of vitrification, 
because when they have attained the highest point of resistance 
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by a suitable amount of heat, if heated above that point the 
terra cottas become more brittle. 

Lastly, terra cottas may crumble when they contain lime 
or caustic magnesia, which, by afterwards becoming soaked, in- 
creases in volume and acts like frost does We have seen how 
by a better preparation of the body this may be avoided. 
Yet, if the expenses caused by a more careful working of the 
body were too great relatively to the small value of the ware 
produced, the harmful action of the lime could be lessened by 
dipping the terra cottas when they come out of the kiln 


Fia. 272.—An Apparatus for Neutralising the Action of Lime and Magnesia. 


For this purpose the apparatus shown in Fig. 272 can be used; 
this consists of an underground pit full of water, into which 
are lowered barrows loaded with goods It would seem, in 
this case, that the lime or magnesia are diluted in the large 
quantity of water, instead of swelling where they are, as they 
do when only made damp. 

When the bodies contain a large proportion of soluble salts 
these can be dissolved by rain or damp and become crystallised 
in the pores on the surface, acting in the same way as the 
saline atmosphere of the seaside. This action is, however, 
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rare, and usually the efflorescence of the soluble salts only has 
the effect of soiling the surface, and of making the parts that 
are above them scale off This defect can be avoided by wash- 
ing the bodies, or by burning them at a temperature sufficiently 
high to cause the combination of these salts into insoluble com- 
pounds. The processes of chemically purifying the bodies which 
can also sometimes be employed have .been already specified 
(Art. 82). 

231. Methods of Testing Terra Cottas.—The methods of 
testing terra cottas were the subject of resolutions discussed at 
the Conferences of Munich (1884), Dresden (1886), Berlin (1890). 
More recently (1895) they were decided by the Commission 
on the Methods of Testing Building Materials appointed by 
the French Government. We cannot do better than reprint, 
with some remarks, the conclusions arrived at by this Com- 
mission, according to a report presented by M. Debray, General 
Secretary to the Commission, and by the author of this work :— 


Samples. 


The tests for terra cottas should always be made on the 
market goods. 

If it is desirable to know very exactly the value of a manu- 
facture it is advisable to work with samples at various degrees 
of burning. Often it is sufficient to examine the samples which 
are least burnt, which will be easily recognised by the look, 
and more especially by the hardness being less and the dimen- 
sions slightly greater than the average. 


General Directions. 


The commercial mark of the samples will be indicated, their 
form, the state of their edges and surfaces, as well as their colour. 

For bricks and paving tiles the dimensions will be measured 
as to length, breadth and thickness. In tiles the length and 
breadth will be measured, and sketches or sections will be made, 
enough to show in a clear way the hollows and projections, as 
well as the methods of fitting together, that the samples may 
have. Lastly, for pipes the interior diameter will be measured, 
the usual length of the pipe, exclusive of the fitting part, the 





560 TREATISE ON CERAMIC INDUSTRIES. 


thickness of the walls, as well as the form and arrangements 
for fitting them together, if there are any. 

For bricks and tiles the dimensions will be verified, as in 
the same piece these ought to be identical; the difference will 
be indicated if it is more than 1 per cent. 

When the test laboratory has at its disposal a sufficient. 
number of samples of the same production, it will be useful, 
on the one hand, to measure the most burnt or the smallest 
ones, and, on the other hand, the least burnt or the largest ones. 
The differences observed, when there are any, will be indicated. 


Physical Tests. 
1. Observation of the Structure or Homogeneousness. 


The observation of the structure or homogeneousness will 
consist of the examination of a fracture, made either by eye or 
with a magnifying glass. 

It will be advisable to make a note— 

(a) Of the look of the fracture, whether granulated and in 
more or less noticeable roughness, or smooth, or with a con- 
choidal surface. 

(b) Of the coarseness of the grain, marking, according to the 
classification adopted for stones of a natural construction, whether 
the grain is fine, medium, or coarse, and whether the grains are 
uniform or of different sizes. 

(c) Of the homogeneousness, by observing whether the mass 
is entirely, moderately, or slightly homogeneous, whether there are 
any planes of cleavage or scaling, whether they are more or 
less numerous and more or less pronounced. 


2. Specific Weight? 
The determination of the specific weight of the material will 
be made from the powder produced from pieces ground up until 
they will pass through a sieve of 900 meshes 


1 Very fine grains (0°2 millimetre to 0-4 millimetre), fine grains (0°3 millimetre 
to 0°8 millimetre), rather fine grains (0°5 millimetre to 1:2 millimetre), medium 
grains (1 millimetre to 2:5 millimetres), slightly coarse grains (2 millimetres to 4 
millimetres), coarse grains (8 to 7 millimetres), very coarse grains (5 millimetres and 
over). 


2 The determination of the specific weight is of no interest from the point of view 
of the quality of terra cottas ; it is only used for calculating the absolute porosity. 
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The powder will be dried at a temperature of + 110°. 

The determination of the specific weight will be by means of 
volumetres, by one of the methods in use at the present time, 
in such a way as to obtain the first decimal exactly, and the 
second approximately to two points. 

The liquid used will be benzine or mineral spirit. 

The temperature ought to remain constant during the whole 
time of the operation; it ought not to be above + 15° C. 


3. Apparent Density. 


The determination of the apparent density ought to be made 
as much as possible, with the samples that are whole, after 
being dried at a temperature of + 30° to + 40° C. 


When the samples are of a regular geometrical form, allowing 


of the volume being determined by measurement, an ordinary 
metre rule is used having the marks down to the tenth of a 
millimetre; the weight will be determined by means of a scale, 
sensitive to half a centigramme. 

When the samples are irregular in form, or have any re- 
ceding angles, the volume will be determined, and consequently 
the apparent density, by means of the difference in weight of 
the sample in the air and in water. Care must be taken to 
first cover the surface with a varnish to prevent the water 
getting in. A thin layer of melted tallow put on with a brush 
and spread about with the finger answers this purpose very 
well. 


4. Absolute Porosity. 


The absolute porosity will be calculated from the difference 
between the specific weight and the apparent density. 


5. Relative Porosity or the Weight of Water absorbed in 
a Given lime. 

The determination of the weight of water absorbed should 
be made on a series of at least three samples, previously dried, 
either in the open air or in an oven, at a temperature of + 30 
to + 40° C. It is advisable to work, as much as possible, with 
whole samples, and not with broken pieces. 
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After they have been dried the samples are put into water 
up to half their thickness for twelve hours, then put completely 
under water for twelve hours, thirty-six hours, seven days or 
twenty-eight days! | 

If the samples contain a decided proportion of lime, mag- 
nesia or soluble salts, it would be wise to begin the experiment 
over again once or twice on the same samples. 

The quantity of water absorbed, or the relative porosity, 
should always be calculated by volume, but the percentage of 
water by weight should also be indicated. 

Special Arrangements for Tiles—As to what concerns tiles, 
the Committee express the view that, as for roofing slates, a 
study be made of what will be the quantity of water absorbed 
per square metre of tiles when fixed, as they usually are in 
practice, on a frame with the least slope used for roofs, by sub- 
mitting this frame to a regular rain of a definite intensity for a 
‘given time. 


6. Permeability. 


Tiles.—The test should be made with at least three whole tiles 
previously immersed for forty-eight hours, as described in para- 
graph 5. They should fix with pure cement, towards the 
middle of the upper face of each tile, placed horizontally, a glass 
tube, of about 1278 inches interior diameter and 433 inches high. 
The tube, closed at the upper part by an india-rubber stopper, is 
put in communication with a reservoir giving a weight of 
3°9 inches of water. 

The water which can pass through each tile is collected in a 
reservoir placed under the lower face. | 

The permeability will be determined by the volume of water 
that has run through in an hour, after the experiment has lasted 
twenty-four hours. 


1 In the case when the time of immersion passes forty-eight hours, if the length 
of experiment is wanted to be shortened, the process of imbibition by the help of a 
pneumatic bell can be used, as described in the tests on the natural construction 
of stones, (Note of the Commission.) 


TERRA COTTAS. 563 


7. Tests for the Resistance to Frost. 


The trials for resistance to frost ought, as much as possible, 
to be carried on with whole goods The tests could, however, 
be made on broken pieces. In that case the cut or broken 
parts of the trials ought to be protected by a varnish or thin 
layer of tallow, with the object of not allowing the water to 
penetrate during the immersion except through the faces of 
the samples that are usually visible. 

The tests for a normal resistance of frost, carried out as we 
have described for natural stones? comprise :— 

(a) The examination of the samples with the aid of a 
magnifying glass, by trying to notice whether cracks or splits 
are caused in those samples submitted to the action of succes- 
sive freezings and thawings, repeated up to twenty-five times. 

(b) The determination of the loss in weight of the frozen 
samples.® 


1In our opinion, great reservations must be made on the subject of this 
method, the only one at present in use, but so far removed from the actual 
conditions of practice that it seems to us that it is not possible to draw any 
conclusions from the results obtained. 


3 In carrying out these tests the following details must be observed :— 

(a) Distilled water must be used for the immersion, taken at the tem- 
perature of + 15° to + 20° C., or if distilled water cannot be had, then drinking 
water, taken at the same temperature, which has no disadvantages when the 
quantity of soluble salts need not be determined. 

(b) The samples will be exposed to a temperature of — 15° to — 20° C. 

(c) The length of exposure to the cold will be four hours. 

(d) The thawing will be done by the complete immersion of each sample 
into distilled or drinking water at a temperature of + 15° to + 20°C. (For natural 
stones a volume of 500 cubic centimetres of water is suggested for a cubic 
example with sides of 7 centimetres length.) For dried samples in the state 
of imbibition after being immersed for twenty-four hours, the thawing is 
accomplished in damp air and not in water. In the interval which separates 
the successive freezings and thawings the samples are kept in closed cases, 
to prevent too large a loss of the water absorbed; further, care is taken, 
before submitting them again to the action of the cold, to plunge them for 
some moments into water, so as to keep them, during the whole period of 
the test, at the same degree of saturation as they had at the commencement 
of the experiment. 


3If the samples have borne without deterioration the tests for resist- 
ance to frost,the resistance to compression and to bending of these samples 
must be compared, when they are dried again, with that of samples of the 
same production subjected to the same tests when dried, but without having 
been subjected to the action of frost. (Note by the Commission.) 
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For these tests must be used at least— 

Three examples soaked with water by being immersed for 
twenty-four hours. 

Three examples soaked with water until saturated. 


Mechanical Tests. 
1. Resistance to being Broken by Crushing. 


Bricks and Similar Materials.—The test for resisting the 
breaking by being crushed should be made on pieces as nearly 
cubical in form as possible, obtained with ordinary bricks, for 
example, by putting two half bricks on one another, and join- 
ing them together with a thin layer of paste of pure Portland 
cement. 

The surfaces to be compressed will be made exactly 
parallel by a covering made of a layer of the same body. 

As for natural stones, the tests for resisting crushing can 
be made by means of apparatus with levers, or by means of 
hydraulic presses. 

The test pieces ought to be placed between the pressing 
plates, covered over with a leaf of thin cardboard; it is best 
for one of the two pressing plates to be movable in all direc- 
tions. | 

The dimensions of the bearing surfaces will be indicated in 
the official report of the test at the same time as the resistance 
in relation to the square centimetre of the carrying surface. 

The test will be carried out on at least three test pieces 
of the same sample. 

The mean of the results furnished will be calculated. 

It will be wise for the test to be made on two series of 
test pieces, one in a dried state, the other in a soaked condi- 
tion, while marking the degree of saturation. 


2. Resistance to Breaking by Bending. 


Bricks.—The tests for resisting breaking by being bent will 
be made, for ordinary bricks, on the whole goods placed on 
two knives 7°87 inches apart, and loaded in the middle con- 
tinuously until they break. 
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The rough weight which determines the breaking of each 
test plece will be indicated. 

The goods, which are longer than ordinary bricks (flooring 
bricks), may be tested with a support, between the two edges 
on which they rest, equal to the support which they would 
have in use. 

Tiles.—The tests for resistance to breaking by being bent 
will be made on whole tiles placed on two knives, and loaded 
in the middle continuously until they break. 

When the tiles have not a rectilineal profile, little trans- 
verse horizontal bars of pure Portland cement should be put : 
in, ‘39 inch wide, at right angles to the supports and the 
medial knife, for the purpose of levelling the undulations and 
of making the action uniform over all the width. 

One of these bars will be placed at the point where in 
the roof the tile ought to lean on the edge, and the other 
at the place where it rests on the lower tile. 

The load that would have caused it to break will be in- 
dicated. 

It will be wise to make the test on tiles soaked with water, 
marking the amount of saturation. 


3. Resistance to being worn by Rubbing. 


The determination of the resistance to wear from being 
rubbed will be made under the same conditions as for natural 
stones,! as far as it concerns the dimensions of the test pieces 


in the testing properly so called. 


1 For determining the resistance to the wear from rubbing, we must measure 
the extent to which the samples are worn when, under a given load, they are sub- 
jected to the rubbing of a normal sand spread evenly about on a circular horizontal 
cast-iron plate, which is moved at a given speed. 

The dimensions of the samples will be 2:86 by 1:57 inches base, and a height 
varying from 3-93 to 4°72 inches ; they will be put two and two on all sides of the 
axis and on the same diameter as the mill, in such a way that the centre of them 
will be on a circumference of 10°275 ins. radius, the small dimension being placed 
perpendicularly to the radius. 


The total load on the plane of rubbing will be from 250 grammes per square 
centimetre. 

The usual sand used will be obtained by pounding and then sifting quarzeous, 
moderately hard, Fontainebleau stoneware, passing through a sieve No. 50 (824 
meshes) and kept entirely back on a sieve No. 200 (4,900 meshes). 

The quantity of sand to be spread on the mill will be one litre per test piece 
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4. Resistance to Breaking by a Blow. 


The experiments being now in process, rules cannot yet be 
fixed for this test. 
These experiments will be continued. 


5. Resistunce to Breaking by Internal Pressure. 


Special Tests for Pipes.—The tests for resisting breaking by 
internal pressure will be made either by the help of a forcing 
pump, or by means of a hydraulic accumulator. 

The unit of pressure adopted is the kilogramme per square 
centimetre, and the figures, when not otherwise mentioned, are 
in relation to the pressure used, 

The pipes to be tested ought to be exactly filled with water. 
It is important that the pressure should be gradually and not 
suddenly produced. The manometre ought to show, without 
any chance of mistake, the pressure exerted in the pipe itself. 

The test could be made either on a separate pipe, or on 
several pipes put together. 

The joints that close the extremities of the pipes should be 
arranged in such a way that they will not fly, and be made in 
such a manner that the tightening of them will not lead to a 
premature bursting of the pieces subjected to the test. 

The Committee expresses the opinion that the tests now in 
progress for finding a suitable method of closing the ends of 
the pipes should be continued. 


Chemical Tests. 
1. Testing for Lime and Magnesia. 


With the object of determining whether there is in the terra 
cottas any lime or caustic magnesia, five samples will be immersed 
for three hours in boiling water, and notice will be taken whether, 
under these circumstances, any exfoliations are produced. 


and per 1,000 turns of the mill. The apparatus will be turned at the rate of 1,000 
turns per half hour, and the sample will be subjected to 4,000 turns of the mill. 
The diminution in height of the sample will be measured and the loss in weight 
which it has sustained will be determined. The same particulars will be noted in 
the course of the test after 1,000, 2,000 and 3,000 turns. 

The sample may be turned over from end to end after 2,000 turns of the mill, so 
as to compare the results obtained on the lower and upper faces. 
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2. Determination of the Soluble Salts. 


In order to determine the proportion of soluble salts that 
may be contained in a terra cotta, five samples should be taken, 
which by preference are chosen in the middle of the terra cottas, 
and are powdered so as to make them pass entirely through a 
sieve of 900 meshes Three hundred grains of the powder thus 
obtained is taken and boiled for an hour in ten times its volume 
of distilled water, replacing the water that has evaporated. 
After it has been filtered it must be evaporated to dryness, and 
the residue thus obtained must be weighed. 


CHAPTER X. 
FIRECLAY GOODS. 


SUMMARY.—Classification. 


SEC. 1. Argillaceous Fireclay Goods: Forms, Dimensions and Properties —Resist- 
ance of Fireclay to the high Temperatures—Composition and Preparation 
of the Body—Moulding—Drying—Burning—General Arrangements of the 
Manufactories for Fireclay Goods. 


. 2. Aluminous Fireclay Goods. 
. 3. Carboniferous Fireclay Goods. 
. 4. Silicious Fireclay Goods. 
SEc. 5. Basic Fireclay Goods. 
. 6. Fereclay Mortar (Pug). 
. 7. Tests for Ftreclay Goods. 


232. Classification. — Fireclay goods are distinguished from 
all others by their resistance to the action of heat. Heated to 
the temperature for burning hard porcelain, yet they do not 
become vitrified. They are naturally always dull and of a 
more or less yellowish - white, or else slightly greyish colour, 
except one variety, of which we shall speak later on, which is 
black. 

We have seen, at the beginning of this work, that among the 
wares are classed certain fireclay goods in which the clay is re- 
placed by other agglutinants, because these goods are manu- 
factured by means of the processes used in pottery. The 
following classification, therefore, includes not only fireclay ware, 
but also the productions to which we have just alluded. It is for 
this reason that this chapter, which from a ceramic point of 
view ought to be entitled Fireclay terra cottas, has been headed 
Fireclay Goods. 

The most natural classification of these productions rests on 
their chemical composition. It is, in fact, that which should 
guide us in the choice of the different kinds of fireclay productions 
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for their use in kilns. Besides, it allows of our judging before- 
hand of their resistance to heat. 

Chemically, they may be divided, as M. Jordan does the 
fireclay productions, as follows : — 

Acid productions, that is to say, those formed of pure silicate 
of alumina, of a mixture of silicate of alumina and silica, or 
of silica nearly pure; their acid properties being as much more 
developed as the proportion of silica is larger. 

Basic productions, containing a large proportion of lime or 
magnesia, or of a mixture of these bases. 

Neutral productions, formed of silicates of alumina that are 
more aluminous than pure clay, noticing ‘that the alumina plays 
the part either of a base with acids, or the part of an acid 
with certain bases, as lime, for example. 

Reducing or carburetting productions, containing a larger 
or smaller amount of carbon. 

Oxidising or decarburetting productions, formed with the 
ores of peroxide of iron. 

These last goods up to the present have only been used for 
the fittings of some kilns, and not as fireclay productions pro- 
perly so called, manufactured in special manufactories We need 
not therefore discuss them in this work. 

By starting with pure clay we see that this makes slightly 
acid goods, because, when sufficiently strong bases are present, 
pure clay, which is a bisilicate, may be changed into a mono- 
silicate, thus giving up one equivalent of silica. It is understood, 
of course, that these reactions only take place at high tempera- 
tures. 

By adding more and more silica to the clay the acid properties 
are increased, the same as by adding alumina they are diminished, 
until they are completely neutralised, when the composition of 
the ware corresponds to that of a monosilicate of alumina. 
On the other hand, by continually adding a sufficiently large 
proportion of lime or magnesia, ware of a basic reaction is 
obtained, and, lastly, by adding carbon to it, reducing or 
carburetting ware can be made. 

Such are the different kinds of fireclay terra cottas that 
can be obtained by taking clay as a basis But one may take 





570 TREATISE ON CERAMIC INDUSTRIES. 


also either silica, lime or magnesia as a starting-point, and 
manufacture goods containing as high a proportion as possible 
of these substances, but adding to them only the quantity of 
agglomerant strictly necessary to allow of their being manu- 
factured. In this case the substance to bind them together can 
either be clay or any other material answering the same purpose. 
The fireclay goods thus obtained are not pottery. 

The preceding remarks allow the different kinds of fireclay 
goods to be classed very exactly. It is, however, very necessary 
to make one important remark on this subject. Except in rare 
instances, all the fireclays contain silica in excess. A distinction 
between the fireclay goods of pure clay and those composed of 
a mixture of pure clay and silica would not answer the con- 
ditions for use; having regard to this remark, the following 
classification has been adopted :— 

1. Argillaceous fireclay goods, more or less acid, having 
natural fireclay as a base. 

2. Aluminous fireclay goods, slightly acid or neutral, formed 
of a mixture of clay and alumina, or rather of compounds re- 
latively rich in alumina. 

3. Carboniferous fireclay goods, reducing and carburetting, 
in which there is a decidedly large proportion of carbon. 

4. Silicious fireclay goods, strongly acid, formed almost ex- 
clusively of silica. 

5. Basic fireclay goods, containing a preponderating propor- 
tion of lime, magnesia, or of a mixture of these two bases 

Sometimes chromate of iron has also been employed as a re- 
fractory material, which resists acids as well as bases, and 
bears a very high temperature; but bricks of this kind are a 
metallurgical production and do not belong to pottery. 


1. Argillaceous Fireclay Goods. 


233. Shapes, Dimensions and Properties. The manufacture 
of argillaceous fireclay goods in special factories only dates from 
the beginning of the nineteenth century. Before that it was 
mixed up with that of ordinary bricks. Experience alone 
could distinguish the bricks which best resisted the action 
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of heat, and which were used in preference for building kilns. 
It is only by precise chemical analysis of the clays that it has 
been possible to distinguish scientifically the fireclays from the 
other clays, and to decide the composition that they must have 
to be able to resist high temperatures and the attacks of the 
materials with which they come in contact in the kilns. A 
great advance was also made in this direction when the clays 
were opened by means of a grog of fireclay terra cottas 
(Art. 42), instead of: using sand, as is the case for ordinary 
bricks. This process was known for a long time, but it is 
only since the beginning of the nineteenth century that it has 
been used methodically. 

Fig. 273 shows some of the most usual applications of argil- 
laceous fireclay goods. Naturally, they are only given as a 
sort of example, because the shapes may be infinitely varied. 
Plain bricks are usually of the shape and dimensions of build- 
ing bricks (I.): in France, 8°66 x 4°33 x 2°36 inches; in Eng- 
land, 9°44 x 4°72 x 3°15 inches; and in Germany, 9°84 x 4:92 x 
2°56 inches. In the usual way, knife-shaped bricks (II.) and wedge- 
shaped bricks (III) are made for building domes. There are, 
besides, a large number of special patterns, and, as will be seen 
further on, the manufacturers can easily make when wanted 
even the most different and most complicated patterns (V.). 
When the pieces are much above the dimensions of ordinary 
bricks they are called blocks. These latter are better for 
building kilns, so as to lessen the number of joints, which are 
always a weak place in masonry. Yet, if possible, the dimen- 
sions of a length and width of 24 inches by a thickness of 153 
inches should not be exceeded. Above that the blocks are rather 
unwieldy, and there is a risk of their not being burnt enough 
in the middle. 

Slabs (VI.) are also manufactured of a thickness of 1°57 to 
394 inches, by a length that may exceed 39 inches, and a width 
of 20 to 24 inches. 

In some cases hollow goods are used, such as tubular bricks 
for receivers (Fig. 180), gas burners (VII.), channels (VIIL), 
etc., etc. 

Lastly, we may mention some special kinds that are much 
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used, such as muffle kilns, ordinary crucibles (IX.), the height 
of which varies trom 2 to 24 inches; glass crucibles, ordinary 
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Fig. 273.—Fireclay Goods. 


retorts (X.), being as much as 274 inches wide by 194 inches 
high and more than 39 inches long; gas retorts (XI.), being as 
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much as 294 inches wide, 17? inches high, and 6 ft. long; 
laboratory furnaces, etc., etc. ‘ 

All pieces, whether of such various shapes or for various 
purposes, ought, as far as possible, to fulfil the following con- 
ditions :— 

1. They must resist, without warping, the highest tempera- 
ture to which they can be subjected. This resistance to heat 
depends mainly on their chemical composition and partly on 
their physical texture, as we shall see further on. 

2. They should bear without cracking or breaking somewhat 
rapid variations of temperature. On this subject it must be 
remarked that it is not the variations of temperature them- 
selves that are to be feared, but the differences of temperature 
between the parts of the same ware, differences which are the 
more difficult to prevent in proportion as the heating or cooling 
is more rapid. Thus, a thick crucible might break under 
some conditions of heating that a thinner crucible would have 
resisted. The lower the texture of the ware and the less it 
is burnt, the more quickly the temperature of the mass is 
equalised, and the less liable it will be to crack or break. 
While in dense pastes that are more or less vitrified the con- 
ductibility is weaker, it is more difficult to keep the tempera- 
ture equal, and the result is that it dilates differently, and 
this causes unequal tensions that the mass cannot resist. 

3. Lastly, fireclay goods ought to resist the attack of the 
different materials with which they come in contact in the 
kiln, Those which principally exert a harmful influence are 
the ashes of the fuel, and either the materials themselves that 
are heated or the gas which may escape from them. We must 
first remark upon this subject that argillaceous fireclay goods, 
being more or less acid, are easily attacked by all substances 
that are susceptible of forming silicates when united with silica, 
that is to say, those which contain alkaline bases, alkaline earths, 
or certain metallic oxides. With a low temperature an opposite 
reaction may be produced; the acid etfects are then capable of 
displacing the silica from its combination with the alumina and 
the other bases contained in the body. The attacks on fireclay 
goods are the more vigorous the more porous these wares are, 
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and weaker the more dense they are, or when burnt at a higher 
temperature. 

We see that the two preceding conditions are contradictory, 
that it is impossible to make ware that can at the same time 
bear a rapid heating and the attack of alkaline ashes, or the 
corrosive action of melted glass, for example. It is best, in 
each particular case, to establish a medium, which only experi- 
ence can determine as a rule. 

Finally, we will observe that, from the point of view of a 
good construction of the kilns, if the fireclay goods have to 
be submitted to a higher temperature than that to which they 
were submitted during the burning, they will usually shrink 
to a certain extent, and this may cause cracks or dislocation of 
the masonry. If the bodies contain a considerable proportion 
of quartz the opposite may occur, in consequence of the 
expansion that takes place in quartz when, under the influence 
of a great and prolonged heating, it passes from the density 
27 — 2:6 to the density of 2°3 — 2:2. 

234. Resistance of Fireclays to High Temperatures.—In the 
chapter on baking was discussed the part that the different 
materials of the body play as to fusibility, as well as the modi- 





fications caused by burning on the different properties of the 
body (Art. 145). As the chemical composition of fireclays plays 
so large a part in their resistance to high temperatures, a more 
important part than in any other kind of ware whatever, it is 
necessary now to enter into supplementary details on this subject. 
We have seen that the natural fireclays are composed of pure 
clay, of silica and fluxes, these latter being always in a small 
proportion, but the amount of silica may be raised as high as 
50 per cent. (Art. 30). Under this term of natural fireclays 
must be included not only clays properly so called, but also 
kaolins, so long as they are neither too alkaline nor too ferru- 
ginous, so that they may be used in the manufacture of fireclay 
goods. In order to simplify the examination of the refractory 
properties of clays, we will first discuss the influence that is exerted 
on pure clay by the addition of various proportions of silica 
and alumina; then we will examine the action of the fluxes. 
The bisilicate of alumina or pure clay melts at the temperature 
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corresponding to Seger’s test No. 36 (Art. 180). This tempera- 
ture has not been precisely determined : it seems to be nearly that 
for fusing platinum (1,775° C). Whatever it is, we notice that the 
fusion is easier the more an increasing proportion of silica is 
added to the pure clay, until the mixture contains one equiva- 
lent of alumina to 17 of silica (90°83 per cent. of silica ; 9°17 per 
cent. of alumina). From that point, if the amount of silica is further 


increased, the body becomes more refractory again, until when it 


contains only pure silica (rock crystal) it attains a temperature 
corresponding to Test 35, that is to say, for fusing pure clay 
containing trace of alkalies. If, on the other hand, alumina is 
added to pure clay, the mixture becomes more and more re- 


SEGER 
s 
= 






b 
| 
a 






& 
on PET ET EE MLA 
= #11 a de St 
PE EE EE EE It III LI I 11. 
MELANGE LUMINE 1002 I! 80 70 60 30 40 30 20 10 
LICE 0% 10 20 30 40 30 60 70 80 90 100 


Fic. 274.—Scale of the Fusing Temperatures of the Mixtures of 
Silica and Alumina. 


fractory. Lastly, pure alumina, such as is found in cryolite, 
resists a temperature above any of the preceding ones, and does 
not show any trace of vitrification at the temperature for fusing 
platinum. 

Fig. 274 represents in a graphic form the foregoing re- 
marks The temperatures are calculated according to Seger’s 
tests, and the curve of the fusing temperatures shown repro- . 
duces what that clever potter has given, but by replacing the 
division into equivalents by the centesimal proportion of silica 
and alumina. 

As to what concerns fluxes, we have said that, according to 
Richter, it is admitted that their action, from the point of view 
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of fusibility, is in proportion to their equivalents, that is to say, 
that 20 parts of magnesia would act the same as 28 of lime, 
31 of soda, 36 of protoxide of iron, and 47 of potash This 
rule would seem also to apply to the peroxide of iron, which 
appears to be as infusible as alumina, and the equivalent of 
which is 80. However, we should not consider, in the absence 
of decisive experiments, the foregoing equivalents as a law, 
but only as a general reckoning. Concerning the oxides of 
iron, we must also remark that at high temperatures the 
peroxide is always more or less changed into the protoxide. 

It is well known, as we have already observed, that these 
relative fusibilities of the different fluxes, can only be precise 
at high temperatures, at the moment when, the whole mass of 
the body being softened, a compound is formed which is 
chemically determined by the global analysis It is no longer 
noticeable in the same way at a lower temperature, because 
then the fluxes may be mixed up with those combinations which 
are still fireproof at that temperature. It very frequently 
happens with the alkaline fluxes, which are often found in the 
bodies in the form of feldspar, and which can only act when 
that rock begins to be vitrified It is also the same with lime 
when found as the sulphate. 

M. Bischof, in some very extensive experiments on fire- 
proof goods, but before Seger’s work, had tried to define by 
a number the degree of fusibility of fireproof clays He based 
it solely on the chemical composition, taking as a basis the 
proportion of fluxes expressed according to their equivalents 
and comparing with that the proportion of silica and alumina. 
In this way he arrived at representing the composition of the 
clays by a symbol in the form 

a.Al?03 + 6.510? + RO. 
RO taken as the unit representing the fluxes, @ and b 
indicating the amount of alumina and silica in proportion to 
those fluxes. He admitted that the coefficient of fusibility 
was given by the quotient, of the proportion of alumina by the 
relation of silica and alumina, that is to say, that it is equal to 
a? 


a divided by 2 or to B 
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In support of his argument M. Bischof mentioned seven 
natural typical fireproof clays, having the coefficients varying 
from 1395 to 1°64, the highest number corresponding to the 
most refractory. 

M. Bischof’s theory seems to correspond fairly well with 
the direct pyrometric results; but the use of it is very doubt- 
ful, because it rests on a chemical analysis, which is more 
difficult to obtain with the precision which is indispensable 
than to make a direct test by fusing it, taking as a guide 
Seger’s tests. We only mentioned this theory because it has 
still fairly numerous partisans in Germany. 

The following table reproduces, as a comparison, the com- 
position of the seven typical clays of M. Bischof :— 
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99:18 | 99-24 | 99-72 | 99-90 | 99-64 | 99-44 ° 
: | 


The preceding figures can be put in another way, by sepa- 
rating the clay from the silica and reducing all the fluxes to 
protoxide of iron, in relation to their equivalents. The pro- 
toxide of iron has been chosen as the point of comparison, 
because it is usually the flux found in the largest quantity. 

The following are the numbers thus obtained :— 


Pureclay . . . . «| 92°84) 91:51, 84-49] 87-28) 88°34, 67-95| 64-24 
Silica . . . . . | 6-00! 596] 11-29] 7-66) 8-98] 26-98| 80-18 
Fluxes reduced to protoxide of | 

iron . . . . .| 166| 2468 429] 506| 7-68| 512) 5:58 
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Temperature for fusing calculated | 
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No. 30 No. 28 No. 2 
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The first two clays are almost pure clays, the three follow- 
ing ones are plastic fireproof clays, and the last two are 


silicious fireproof clays. 
37 
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235. Composition and Preparation of the Body.—The fireproof 
bodies are composed solely of clays or kaolins, with the ad- 
pition, when necessary, of some opening material—fireclay grog 
or quartzeous silica. For very plastic -clays the proportion of 
opening material may be two parts by weight to one part of 
clay, while for very silicious clays it may happen that it is not 
possible to open them. 

The use of silica as an opening agent has the disadvantages 
of modifying the chemical composition, of reducing the tempera- 
ture at which the terra cotta can resist, of not allowing the 
grains to be as coarse as is desirable, and of making it liable 
to swell, and even crumble, in consequence of the expansion of 
the quartz. Also, for all fireclay goods of a good quality only 
grog should be used as an anti-plastic material. As the 
fireclays that are decidedly silicious are only pure clays thinned 
with sand, they naturally present all the disadvantages already 
pointed out, and they can never make fireclay goods of the 
first quality. We must, however, while on this subject, remark 
that in working the cases are very frequent in which medium 
or even inferior goods will be used, as they have the advan- 
tage of being cheaper, a consideration which at the present 
time is thought a great deal of. 

The largest part of the grog used in the manufacture of 
fireproof goods is furnished by the rubbish of fireclay wares, 
bricks, crucibles, retorts, saggers, etc. This rubbish, which is 
thus of some value, is bought by all the manufacturers for 
grinding up in one of the apparatus that have been already 
described, and then sifted so as to obtain grains of various 
coarseness. If sufficient of this grog cannot be obtained, then 
natural clay is burnt in balls in the kilns that are used for 
burning the ware. It is very seldom that special kilns are 
used for this purpose. 

Fireclay is usually dug out a long time beforehand, then 
dried in the open air or in kilns on purpose, and finally 
powdered. 

The mixing of this clay and the grog is done in bulk by 
putting the two materials into a working-up machine, where 
the desired proportion of water is added to them. In well 
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arranged factories the clay powder and the grogs of different 
coarseness are stored in hoppers placed in the upper part of 
the buildings, from which they naturally run down into the 
working-up machine. 

This latter may be either vertical or horizontal. The latter 
is the one usually preferred, because the body is closer and 
contains fewer air bubbles. A very good method consists in 
first using the working-up machine shown in Fig. 35 (page 
159), and afterwards passing the body through a second machine 
for working it up, which is a horizontal one, and which makes 
the body into large blocks. These are afterwards kept for some 
time in a damp place, before being used for moulding. 

We must now say a few words about some special com- 
positions of fireclay ware. In a general way, it is best to use 
as infusible a clay as possible; however, in some cases it is 
advisable to use clays which, at the temperature at which they 
are burnt, show sign of beginning to soften. In that case 
the body becomes closer and can better resist the attacks of 
the materials with which they come in contact in the kilns. 
This is the case, for example, with glass crucibles or those for 
the kilns in which decidedly basic or acid vapours are given off. 
It is well known that then the burning of the ware must be 
carried on at a temperature above that which it will have to 
bear when in use. 

When it is required, on the other hand, to manufacture terra 
cottas that will resist rapid changes of temperature, as much 
grog as possible must be incorporated with the clay, the 
former being of a fairly coarse grain The dimensions of these 
grains depend, besides, on that of the object to be made. For 
thick blocks they may be as much as ‘2755 in.; they can be 
reduced to ‘0787 in. for thin ware. By employing coarse and 
fine grains at the same time the latter come between the 
former and allow a larger proportion of cement to be mixed 
with the clay. 

236. Moulding.—The making of argillaceous fireclay goods is 
either by moulding by hand or by drawing. 

In the first case the body employed must be of a decidedly 
firmer consistency than that used for moulding ordinary bricks, 
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because it is essential to obtain more compact goods. This 
consistency necessitates the body being pushed or beaten inside 
the mould, instead of bemg made in the manner described in 
the preceding chapter. The result is also that the moulds must 
be more solidly made. They are of wood, the joining being 
done with wooden corners or bolts) For large pieces it is some- 
times necessary to strengthen them with iron bands 

This moulding by hand, to be very successful, needs not 
great professional skill, but care and regular work. The follow- 
ing are some short instructions on the subject of special methods 
for different forms of ware. 

Ordinary bricks are made in moulds similar to those used 
for bricks for building, but the output is much less, because of 
the firmness of the body. Larger pieces and blocks are pushed 
into the moulds in horizontal layers When the shapes are 
complicated, or when there are empty parts, then a sort of 
sketch is moulded, that is afterwards carved very easily. Some 
round pieces can be turned, but this operation is not, usually, 
very easy, because of the granulated texture of the body. 

For hollow pieces of a large size, such as a crucible for glass 
making, or a gas retort, they begin by making the bottom on a 
plank of wood, either by putting pellets of clay side by side, or 
by sticking together slabs cut off from the blocks of body 
prepared in the mixing machine. In any case the bottom is 
roughed out first with a thickness decidedly greater than is 
needed, then it is reduced by pushing it, m such a way as to 
make the body spread out towards the edges. Round this 
bottom is then placed the mould that is to be used for the 
walls, and on this is put the body, beaten out and suitably 
joined together. Fig. 275 shows the moulding by this method 
of a crucible for making glass, the mould being in two pieces, 
joined together by bolts or hooks, so that it can be emptied. 
In Fig. 276 is shown the making of a gas retort; in that 
case the mould is in several pieces, joined by pins, which are 
put on one another in proportion as the moulding advances. 
The inside shape is obtained by smoothing the surface with 
the hand, and passing a templet over it, or by measuring the 
thickness of the body by means of a pair of compasses. 
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Plain ordinary ‘bricks can also be made by the pipe machines 
already described. By inclining the wires of the cutting 
board, bricks with sloping sides or wedge-shaped ones can be 
made. 

For hollow goods of a rectangular section, on account of 
the small number made, piston propellers worked by hand are 
generally used. On the contrary, crucibles or retorts, with a 
cylindrical or prismatic section, are made by expression by means 
of vertical piston propellers. The machines used for this pur- 
pose are arranged in the manner which will be described and 
shown further on (Fig. 311, page 685), 
and which is used in the manufacture of 
stoneware pipes of large diameter. The 
bottoms are always added and joined to 
them by hand. 


Fic. 275.—The Moulding by Hand of a Crucible 
for Glass Making. 


Some goods, as, for example, saggers, 
are made by moulding slabs of the body, 
first by hand. This moulding is done on Fis.276.—The Moulding of 
a table dusted over with grog, on which “Ow Retort by Hand 
are fixed four rules, the thickness of them being equal to that 
of the slab. The body should be firm enough for this roughing 
out to be done by striking it with a wooden bat. The slab thus 
moulded is smoothed, then rolled round a wooden mould, which has 
the inside shape of the sagger. When there is a bottom to it, 
the mould is placed on another circular cake of body, and the 
whole is joined together by hand, also making use of the bat. 
To take it out of the mould it is sufficient to strike the body, 
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which is slightly lengthened, becoming detached from the 
mould, which is then drawn out vertically. 
This operation can be replaced by a kind of machine 


Fic. 277,—Machine for Moulding Saggers. 


moulding. In that case the slabs of body are placed in the 
interior of a mould, the form of which corresponds then to 
the outside of the production; then a piston is pushed in, 
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which presses the body together and makes it join. Fig. 277 
shows a machine of this kind made by M. Wenger. The pro- 
duction is from twelve to fifteen saggers an hour when the 
machine is worked by hand, and twenty-five to thirty when 
worked by an engine. 

Lastly, in some cases crucibles can be made on a turning 
lathe. There will be given, when on the subject of the manu- 
facture of carboniferous fireclay goods (Art. 241), an example 
of a machine of this description. 

The comparison between the goods moulded by hand and 
those obtained by mechanical drawing has often given rise 
to disputes. If the former are more porous, and if their success 
depends on the care taken by the workmen, yet the latter have 
the defects which have been mentioned before as belonging 
to all drawn goods. We may consider that at least both pro- 
cesses are good, but on account of the cost of putting up the 
machines for moulding, they only answer when large quantities 
of similar pieces are made. 

237. Drying.—The drying of fireclay goods, when thin or 
of a small size, does not present any difficulty; it is done by 
the same methods as those employed for plain building bricks. 
It is not so with thick and heavy goods that are difficult to 
handle, and which, unless made in a warm, dry climate, can 
only be completely dried in artificial drying sheds. 

When the moulding is done by hand the goods are usually left 
to dry in the mould for about twenty-four hours, and then taken 
out and carried to the drying shed. This is a room heated either 
by pipes running under the floor or else by means of a hot air 
stove. In the former case the waste heat from the kilns or from 
the steam boiler can be used. The drying must be done as much 
the more slowly as the pieces are thicker; sometimes it takes 
several weeks. In theory it is better to have several drying 
sheds, so as to graduate the temperature according to the advance 
in the stages of drying. From time to time, if the shape will permit, 
the pieces are turned over so as to render the drying uniform. 

In some potteries the drying is done in the moulding shop, 
in which case it is best for this to be heated, unless favoured 
with a special climate. 
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238. Burning.—The burning of argillaceous fireproof goods 
is usually done in round kilns with descending flames, like 
those described on page 359 (Fig. 161). The volume of these 
kilns varies from 1,400 to 5,150 cubic feet, the diameter being 
equal to or slightly larger than the height. 

According to the amount of damp in the ware, and to the 
dimensions of it, the length of the slow firing may vary 
from twelve hours to two days. The hard firing needs from 
two to three days. The consumption of fuel is extremely 
variable, on account of the great differences there are in different 
factories, as much from the nature of the body as from the 
temperature at which they are burnt. In some works 290 lb. 
of fuel to a ton of ware is sufficient (coal of a rather good 
quality); in others it is necessary to use 550 lb. and even 670 Ib. 
On this subject we must remark that for kilns of the same 
system, equally well managed, the higher the temperature of 
burning is raised, and consequently the greater the consump- 
tion of fuel, the better the quality of the goods. 

The following, but only by way of example, is the thermic 
yield of one of these kilns :— 


Heat produced by combustion . 100 | Heat theoretically necessary . 85 
| Heat lost by heating the walls . 15 
Heat lost by radiation . . . 15 


Heat lost through the chimney . 30 
Heat lost byincompletecombustion 5 


col 00 

For burning bricks and blocks kilns with continuous firing 
can also be used, heated by coal, similar to those used for 
burning ordinary bricks) In that case there is a certain pro- 
portion of goods spoilt by the contact of the fuel; but, as the 
consumption of fuel is reduced by 176 to 264 lb. per ton of 
ware, from a thermic point of view it would be wiser to use 
this class of kiln. The use of gas fuel in kilns with a con- 
tinuous firing with one burning space needs slightly more 
fuel, but all the goods are whole and generally well burnt. 
This solution, except for the general remarks as to kilns with 
continuous firing, which will be made later on, is certainly 
the best for burning fireclay bricks and blocks. 

For burning retorts, crucibles, etc, for a very large quantity 
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continuous kilns can also be used, but those with several spaces. 
We must remark that, in this kind of kiln, the accumulation of 
heat is less than in kilns with one chamber, and that the heat 
lost by heating the walls is much greater. There is no reason 
then for preferring them when, as for retorts, the flames ought 
to be descending, or when the production of crucibles, for ex- 
ample, requires a very regular raising of the temperature. 

If, in a general way, continuous kilns are more economical 
for burning fireclay goods, it is necessary to state that they 
are only of commercial value in the case of the manufacture 
of a large amount. In the fireclay goods industry the orders 
are somewhat irregular; it is difficult to manufacture for stock, 
because of the various shapes and qualities of the goods, so 
that, commercially speaking, it is sometimes better to choose, 
instead of continuous kilns, the intermittent kilns for a pro- 
duction which is decidedly variable, these adapting themselves 
better to the needs of the business. 

239. General Arrangements of the Manufactories for Fireclay 
Goods.—The manufacture of fireclay goods is sometimes carried 
on in bricktields or tile works Then, usually, the fireclays taken 
out in the neighbourhood are used, and the implements employed 


in making ordinary bricks are made use of for the manufacture 


of firebricks of the most common types. The goods thus obtained 
are generally of a medium or inferior quality, which, on account 
of their relatively low price, are used for numerous industrial 
purposes which do not need a better quality. 

The important metal works, glass works, some gas works, 
faience works, porcelain works, and some chemical works also 
manufacture the fireclay goods which they need. They prepare 
the grog with their waste and buy the fireclay. In those 
works therefore there is no need to economise on the price of the 
purchase, but they must have fireclay goods that are of the 
right quality, that practice has shown to be the best for that 
purpose. These special arrangements have nearly always bad 
implements and are relegated to some corner of the works. 

Lastly, there is a certain number of special factories for 
fireclay goods. Most of them are placed near the clay beds, 
when these are not too far from the centres of consumption. 
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The price of the fuel, which, we have seen, is an important 
factor in the cost price, also exerts a certain influence on the 
placing of these factories. In some rarer cases they prefer to 
place the works in the middle of a centre of consumption and 
transport the raw materials. However that may be, the general 
arrangement of a factory for fireclay goods is very simple. The 
drying sheds being generally on the ground level, all the factory 
is composed of sheds, in which are arranged the shops for pre- 
paring the body, for moulding, the drying sheds and the kilns 
It is also necessary to keep the goods, when made, sheltered from 
the rain, if you do not want to see them become a disagreeable 
green colour, due to vegetation. 

The cost price of argillaceous fireclay goods varies, according 
to the quality, the shape of the goods, and the more or less 
favourable situation of the works, from 17 to 80 francs a ton. 
The unit of sale is usually the 100 or the 1,000 kilogrammes. 
The factories of moderate importance manufacture from 3,000 
to 5,000 tons a year, the most important ones may reach as 
much as 40,000 tons. 


2. Aluminous Fireclay Goods. 


240. The aluminous fireclay goods are used when it is 
necessary to have neutral goods, only slightly attackable by 
alkalies, and resisting high temperatures. The silicious fireclays 
which contain at most 30 per cent. of alumina in a natural 
state, or about 33 per cent. when burnt, cannot be used for 
the manufacture of truly aluminous goods. The plastic fireclays, 
with a proportion of 30 per cent. to 35 per cent. of alumina, 
produce goods having from 34 per cent. to 40 per cent. of alu- 
mina. Lastly, some very pure clays contain, when burnt, as much 
as 43 per cent. of alumina. 

One generally reckons as aluminous fireclay goods all those 
that contain more than 33 per cent. of alumina. Yet this 
amount is insufficient to combine entirely all the silicate in 
the form of bisilicate, and theoretically only those goods can 
be properly called aluminous which have an amount of alumina 
greater than that of pure clay. 

Therefore it is necessary to introduce into the bodies, even 
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the most plastic ones, a supplementary quantity of alumina. 

Unfortunately, the very aluminous minerals are rare and often 
of an inaccessible price. Up to the present time scarcely any, 
except some kinds of halloysites or lenzenites and the bauxites, 
have been able to be used | 

Among the last, the varieties containing the least oxide of 
iron must be chosen. The composition of certain bauxites which 
are suitable for manufacturing fireclay goods has been given 
(Art. 47). Although these bauxites are hydrated silicates of 
alumina, they are deprived of all plasticity, at Jeast in the 
state in which they are found in nature. They cannot then be 
introduced into the bodies except as thinning materials, that is 
to say, their proportion must not be more than 66 per cent. 
If a fairly pure plastic clay is taken, containing, when burnt, 33 
per cent. of alumina, 60 per cent. of silica and 4 per cent. of 
fluxes, and mixed with it is a bauxite containing 76 per cent. 
of alumina, 18 per cent. of silica and 6 per cent. of fluxes, a 
ware could be made having a maximum of 61 per cent. or 62 
per cent. of alumina with 33 per cent. of silica, that is to say, 
which corresponds to the composition of a monosilicate of alumina. 
We have seen before that it is this combination that is needed 
in order to obtain really neutral goods. 

Bauxite is found in the shape of rocks, sometimes rather 
hard, or as an earth, which must be well calcined and reduced 
to powder before being mixed with the clay. It must not 
be mistaken for the fireclay grog, for the latter, having 
the same composition as the clay, may remain in the shape of 
coarse grains without altering the composition of the body. 
The bauxite, on the contrary, must be very closely mixed with 
the clay, so that the mass may have a homogeneous composition. 
The result is that the goods thus obtained are close, and resist 
well the attack of the ashes or vapours of the kiln, but bear 
rapid changes of temperature badly. 

The manufacture of aluminous goods is the same as that of 
argillaceous goods and is carried on.in the same factories. 

It has also been attempted to bind together bauxite powder 
with different agglutinant materials, and for this purpose tar 
and silicate of soda especially have been used. This manu- 
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facture then becomes similar to that of silicious fireproof ware, 
which will be discussed further on. 


3. Carboniferous Fireclay Goods. 


241. The carboniferous fireproof goods fulfil all the con- 
ditions required in fireproof materials; resistance to the highest 
temperatures, to the rapid variations in the heat, to ashes and 
the other materials with which they may come in contact- 
They have, on the other hand, the disadvantage of being 
burnt up rather rapidly and of being very dear. They are 
seldom used for bricks or blocks, but are very much used for 
the manufacture of crucibles, called plumbago crucibles, which 
are made use of in several metallurgic operations, particularly 
on account of their reducing or carburetting qualities. 

The carbon used is blacklead, which is found in nature, or 
even the deposit of carbon that is formed in gas retorts. 

Graphite, or plumbago, is a mineral of a metallic grey 
black, crystalline, greasy to the touch, leaving marks on the 
fingers. Its density is 2-1 It is found in France at Chardonet 
(Hautes-Alpes) ; in Germany at Passau; in England at Borrow- 
dale and Keswick (Cumberland); in Austria-Hungary at 
Mugram (Austria), and in several localities of Moravia and 
Styria; in the United States at Sturbridge (Massachusetts), 
at Ficouderora (New Jersey), at Fishkill (New York), and in 
some localities in California; somewhat important beds are 
found in the island of Ceylon, but the most important mines 
are those of Inisei in the Batougal and Oural mountains, and 
on the banks of the river Anotte in Siberia. It is only met 
with in the primitive strata in the middle of gneiss, granite, mica- 
schists or calcareous saccharoids. 

The proportion of carbon varies from 75 per cent. to 97 per 
cent., the remainder being formed of a quartzeous, or sometimes 
quartzeous and aluminous gangue. 

The carbon from gas retorts is generally purer, but the 
price of it has risen considerably since a use for it has been 
found in large quantities in the manufacture of carbons used 
in the electrical industry. 

Carbon, in whatever form it may be employed, is first 
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powdered, and then mixed with the clay which has also been 
reduced to a powder. The quantity of carbon mixed in varies 
from 25 per cent. to 50 per cent., according to the carburet- 
ing action that it is required to give to the crucible. A part 
of the clay may be in the form of grog reduced to fairly 
fine grains. Sometimes magnesia is also added to it in one of 


Fic. 278.—Machine for Moulding Crucibles. 


the forms which will be mentioned further on when speaking 
about the manufacture of basic bricks. 

The measuring and mixing being done in a dry state, the 
mass is put into a mixing machine, adding to it the propor- 
tion of water necessary for moulding; then the body is left 
for several days before being used. 

The moulding is done by machine, because it is necessary 
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to compress the material. For this purpose a machine for 
moulding by turning is generally used, as shown in Fig. 278. 
The exterior mould of either plaster or cast iron, with a movable 
bottom, is placed on the table of a turning lathe set in motion 
by means of pulleys or a hand fly-wheel The required quantity 
of the body having been put in the bottom of this mould, a 
chuck is lowered by means of a hand fly-wheel or of a rack, 
and this makes a rough form. Then, by working a lantern 
wheel, this chuck, which is in two pieces, is forced open, and 
compresses sideways the body against the outer mould. This 
compression is made stronger by the upper rim that carries the 
chuck, and prevents the body from going out at the top. When 
the chuck is open a last pressure is given by working the hand 
fly-wheel; then the chuck is taken out and the mould is emptied 
by taking away the movable bottom of the outer mould. 

The crucibles when made are dried for some time in the 
air in the moulding shop, then placed in hot air stoves. 

The drying being finished, the crucibles are heated in muffle 
kilns to a temperature of about 700°C. For this sometimes also 
round kilns with descending flames are used, being then charged 
In saggers. 

The dimensions of plumbago crucibles are usually determined 
by the weight of the materials they are to contain, which varies 
from 10 to 150 Ib. 

The manufacture of carboniferous fireproof goods is localised 
in certain factories, some of which sell crucibles and others use 
them for their own purposes. 


4. Silicious Fireclay Goods. 


242. We have seen that silica is less refractory than alumina, 
but, as the ores of alumina are nearly always impure, while in 
nature fairly numerous beds of silica can be found which only 
contain traces of fluxes, it follows that fireproof ware which 
resists high temperatures can be made more economically with 
silica. Besides, these wares are decidedly acid, a property which 
is desirable in some metallurgic operations, and as they have a 
tendency to increase in volume in the kilns, by making arrange- 
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ments that take this swelling into account, very close and non- 
shifting masonry can be had. 

The silicious fireproof goods are scarcely used except for 
the manufacture of bricks and blocks. The best known are 
those from Dinas, which have been made since 1822, with a 
quartzose sand found in the south of Wales, which contains 97 
per cent. to 98 per cent. of silica. In order to make it stick 
together it is mixed with 1 per cent. to 14 per cent. of lime 
diluted in water, then the mass is moulded in a press similar 
to those used for making ordinary brick of dry body. In 
many factories a hand press is simply used. The moulded 
bricks must be carefully and very well dried in artificial drying 
sheds, then they are burnt in round kilns with descending 
flames. The slow firing must be carried on very slowly, then 
the temperature is raised until it reaches 1,300° to 1,400° C. The 
cooling should be very slow; it is usually done without any 
air getting in, simply by the radiation from the kiln. 

Emile Müller first introduced the manufacture of silicious 
bricks of the Dinas description on the Continent, and his 
example has since been followed by several manufacturers, 
especially in German factories. 

In order that this manufacture should succeed it is necessary 
to powder the quartzeous sand, or rather pure silicious rocks, 
for nowhere has been found the natural sand of the quality of 
that used at Dinas. In this way is prepared, on the one hand, a 
fine impalpable powder, and, on the other hand, grains of 0394 
in. to 2655 in, which are put through a sieve, and afterwards 
mixed together in suitable proportions. The best proportion 
for the mixture seems to be 3; of powder, 5 of grains from 
0294 in. to ‘1181 in, and 3 of grains 1181 in. to ‘2655 in. 
The processes used for powdering the quartz have been described 
before ; it is sufficient to add that if silicious rocks are used it 
is wise to calcine them first, so as to make them more easy to 
grind up. Afterwards 14 per cent. of lime is added to the silica, 
and the making is continued as was described for Dinas bricks 

The part the lime plays does not only consist in giving it 
the plasticity necessary for moulding, because the very fine 
silica has a plasticity relatively sufficient for moulding bricks, 
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but it is used especially for giving a greater resistance to 
the burnt ware. At the high temperature at which it is 
burnt, it forms, in fact, a silicate of lime, which glues the 
silicious grains together. A larger proportion of lime would 
have the effect of making the ware more fusible. Lime has 
recently been advantageously replaced by chloride of calcium, 
dissolved in water. This salt decomposes with heat, the chlorine 
is given off, and the lime alone remains, but better divided up 
into the whole mass than when mixed direct. 

It has been sought to replace the impalpable powder of a part 
of the silica, which is indispensable to obtain a certain plas- 
ticity, by adding clay instead. What has been said before (Art. 
234) shows that this method ought to be condemned, because 
the refractory properties of the ware would thus be materially 
diminished. 

The other things for sticking it together, silicate of soda, tar, 
treacle, etc, which have sometimes been praised up, do not give 
results to be compared with the good bricks from Dinas. 

When very light bricks are wanted that will not have to resist 
a very high temperature, as, for example, those employed for the 
furnaces of locomotives or marine boilers, infusorial earths (Art. 
47) can be used with advantage, which are mixed with a little 
fireclay. The rest of the manufacture is the same as that of 
argillaceous firebricks. 

Lastly, it is advisable to mention silicious bricks made with the 
sand that has been used for polishing glass. This sand is moulded 
by means of presses, and the ware when made is dried, then burnt 
at a moderate temperature. It is glued together with the rather 
large proportion of glass which this sand contains. White ware is 
thus obtained imitating stone of a beautiful decorative appearance, 
but containing too much flux to be considered as a fireproof material. 


5. Basic Fireclay Goods. 


243. Basic fireclay goods owe their properties to the larger 
or smaller proportion of magnesia or lime that they contain. 
Magnesia seems slightly more fusible than alumina, but it can 
more easily be obtained nearly pure; it is less fusible than silica. 
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As to lime, that is the most refractory material known. These 
two bases may be employed either separately or mixed together. 
These different methods of manufacture will now be examined in 
succession. 

Goods with Magnesia.—Magnesia may be obtained almost 
pure by extracting it from the mother water of the salt marshes 
or from the salt rocks. The latter contain sulphate of magnesia, 
and especially chloride of magnesium, which, when treated with 
milk of lime, leaves a deposit of hydrated magnesia. The lime 
can also be replaced by calcined dolomite, as suggested by M. . 
Closson. Dolomite is a natural rock, somewhat widespread, which 
in a pure state is a double carbonate of lime and magnesia. In 
that case the reaction is the following :— 


MgCl? + CaO,MgO = CaCl? + 2Mg0. 


The sediment of hydrated magnesia which is deposited is dried 
either in the sun or else in filter presses. | 
Magnesia can also be extracted from dolomite by M. Scheibler’s 
process. For that purpose the dolomite is calcined to drive off 
the carbon, then dissolved in water; then a solution of treacle: 
containing 10 per cent. to 15 per cent. of sugar is added to it. 
The mixture is stirred, and in a few minutes it is decomposed, 
, & sugar of lime is formed that is soluble in water, while the 
hydrated magnesia is deposited and dried as already described. 
The sugared liquid is, in its turn, treated with carbonic acid, 
which is formed in the kiln used for decarbonating the dolomite. 
This precipitates the lime in the shape of a carbonate and cleanses. 
the solution of sugar, which can then be used over again. This 
double reaction may be represented as follows :— 
C4¥HNO" + Ca0,MgO = C#H"0",CaO + MgO 
CH1O!1,CaO + CO? = C#HUOHU + CaO,CO!. 
Whatever the method used, hydrated magnesia is obtained nearly 
pure; containing only about 2 per cent. of lime and 1 to 1} per 
cent. of silica, oxide of iron and clay. When calcined above 400° 
to 500° C. it loses its water of combination as a hydrosilicate of 
alumina. Heated at a lower temperature, it may afterwards absorb 
the moisture of the air, and, by changing back into the hydrate, be 


of some kind of use again. 
38 
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Caleined magnesia is usually mixed with some magnesia 
that has simply been dried, and thus a body is obtained which 
is sufficiently plastic to be moulded into bricks, and which has 
even been used for making crucibles or retorts In this last 
case, however, it seems better to add a little very plastic clay 
to it. In order to obtain very resisting bricks, it is wise to 
make them with a press The drying is first done in the open 
air, then in a heated drying shed; lastly, the burning, in which 
there is no difficulty, is done in the same way as for the ordinary 
fireproof goods. 

This method of making bricks of magnesia is relatively a 
recent one; up to the present time most magnesia bricks were 
obtained by the help of carbonate of magnesia or giobertite, 
sometimes improperly called magnesite. The beds of giobertite 
are rather rare, the best known being those of Frankenstein 
(Silesia) and those in the Isle of Eubcea. 

They commence by calcining the giobertite at a high tem- 
perature, so as to decarbonate it; then a certain quantity of 
non-calcined material is added to it, and a paste made which 
should be moulded by means of hydraulic presses. The plas- 
ticity, which is very slight, may be increased by moistening the 
mass with a solution of chloride of magnesium. After being 
dried in the air, it is burnt at a high temperature, but this is 
difficult on account of the considerable shrinkage which takes 
place in these goods when completely deprived of the carbon. 

Magnesite has also been employed, that is a silicate of 
magnesia (Art. 35), but then goods that are relatively only 
fireproof are obtained. 

Goods with Magnesia and Lime.—These goods are manu- 
factured with magnesian limestones or dolomite. A mixture of 
lime and magnesia seems to possess the same fireproof qualities 
that each of these bases by itself has, but the addition of silica 
and alumina in the form of clay rapidly increases the fusibility. 
It seems, however, to be difficult to manufacture these lime- 
stones or dolomite without the mass containing some percentage 
of clay, either as it is found in it in nature, or added to it on 
purpose. This class of bricks, which are fairly economical as 
compared with the preceding ones, is only suitable for purposes 
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where it is indispensable to use basic materials, but without reach- 
ing very high temperatures. 

They are manufactured by powdering the raw materials and 
changing them into a paste which is afterwards moulded in a 
press. 

The drying is very slow, but there is no difficulty in it. The 
same cannot be said of the burning, because the shrinkage of 
the bricks is considerable,- which is not lessened, as in bricks 
made of giobertite, by previously calcining a part of the material. 
According to M. Walrand, a body containing 


Silica. . . . . . . . . 5°00 
Alumine and oxide of iron . . . . . 5°00 
Lime . . . . . . . . . 28°00 
Magnesia . . . . . . . . 18-00 
Water and carbonic acid  . . . . . 44°00 


makes bricks of a good quality. 
Goods Made with Lime.—In opposition to magnesia, lime, even 
when well burnt, retains the property of being hydrated in air; 


. therefore it is not possible to preserve goods made with lime 


except in an atmosphere that is absolutely dry. This condition, 
up to the present time, has only been fulfilled in electrical 
kilns, where the lime resists the formidable temperature of the 
voltaic arc. Except for this very limited use, for which the 
goods are manufactured on the spot, it is not possible to make 
bricks with lime except by combining it- with alumina and oxide 
of iron We know that it must not be thought of adding it to 
silica, as that makes silicates of lime, which are much more 
fusible than silicates of magnesia. The following composition, 
suggested by M Walrand, would give good results :— 


Silica. . . . . . . . . 0°50 
Alumina and oxide of iron . . . . . 8°50 
Lime .. . . . . . . . . 51:00 
Water and carbonic acid . . . . . 41-00 


The manufacture of bricks with lime is done in the same 
way as those of dolomite, and has the same difficulties when 
being burnt. 


6. Fureclay Mortar (Pug.). 


244. The material which is used as mortar in fireproof masonry 
is usually furnished by the factories for fireproof goods at the same 
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time as the different materials which have been the subject of this 
chapter. Theoretically, this material is constituted of the same 
body as the goods were made of. The mixture, instead of being 
hydrated to make it into a paste, is, on the contrary, dried if 
necessary and put in sacks. Water is added to it only at the 
place and time when it is to be used. 

We must, however, remark that the material, before being used 
in, as thin a layer as possible, ought not to contain any opening 
material in coarse grains) For argillaceous goods, then, only fine 
sand or powdered grog can be employed. As this mortar shrinks 
in the kiln, it is also best to open it more than the body, and only 
to leave it as much plasticity as is strictly necessary, so that it can 
be used with a trowel. SO 

The same observation applies to the mortar used for aluminous 
goods. For silicious goods or basic ones, it is sufficient to add a 
little clay to the body to give it a certain amount of plasticity. 

The mortar is also used for stopping the cracks that may occur 
in the masonry or in crucibles and retorts Ordinary mortar 
may be used in the first case, but in the second it is usually in- 
sufficient. All kinds of mortar that contain clay, however thin they 
may be, shrink to a certain degree, thus causing them to break 
off the parts repaired, and making this repairing very often only 
imaginary. In that case one can take advantage of the property 
of silica of swelling when submitted to a high temperature. The 
sand known in England and the United States by the name of 
ganister, the composition of which is given in Art. 47, has often 
been successfully used for this purpose. 

A similar material can be artificially manufactured by using 
the sands made of powdered quartzeous rocks, to which is added 
about 10 per cent. of clay. This mixture is suitable for high 
temperatures; if that is not the case, some flux in the desired 
proportion must be added to it, so that the mortar should commence 
to vitrify, which would make it adhere to the fireproof goods. 


7. Tests for Fireclay Goods. 


245, In opposition to what we have seen in regard to the terra 
cottas for building purposes, the fireclay goods, up to the present 
time, have not been the object of any method of testing in general 
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use. The different factories where these wares are used have been 
satisfied with trying them in their kilns) Having regard to the 
very different conditions under which the fireproof goods are used, 
it may well be argued that this practical method is the only one 
that can give absolutely conclusive results) Yet we should no 
longer hide the fact that it is not completely satisfactory to the 
manufacturers of fireproof goods, who would like to be able to give 


their patrons the results of experiments that prove the quality of — 


their ware. Lastly, from the point of view of general scientific 
interest, it would also be desirable for methods of testing to be 
adopted that would allow of the wares of various kinds. being 
compared together. 

The exact chemical analysis of the wares seems to be the first 
basis of comparison and the most important one. On aecount of 
its being so complicated, or of the quantities that have to be 
weighed being often so small, it could only be done in laboratories 
arranged for this kind of test and by competent chemists. 

The measuring of the temperature which causes them to 
begin to vitrify or get out of shape, then that which makes 
them fuse, can be done in test kilns such as those described 
in Art. 151. As an apparatus of measurement, the most prac- 
ticable seems at the present time to be Seger's tests. The 
material to be tested ought, by preference, to be put in the 
form of small triangular pyramids of ‘394 in sides and 1:18 
in. high, in which it is easy to see and compare the changes of 
shape. 

Concerning the measuring of the resistance to a rapid heat- 
ing, up to the present nothing has been discovered better than 
to heat a test piece up to red heat and then plunge it into water. 
It is useless to insist on what such a method is worth. 

The measuring of the coarseness of the grains, that of the 
expansion under the influence of a certain definite temperature, 
and that of the porosity would seem to us, on the other hand, 
as if they would give interesting and comparative results 
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FAIENCES. 


Summany.—Classification. 


Sec. 1. So-called Varnished Fatences, with a Fusible Argillaceous Body: Common 
Plumbiferous and Non-Plumbiferous Wares — Architectural Faiences— 
Encaustic Tiles—Stoves—Vases, Dishes and Decorative Objects. 


Sec, 2. So-called Enamelled Fatences, with a Fusible Argillaceous Calcareous Body : 
Com position—Decoration—Stove Tiles, Panels, etc. 


Src. 8. So-called Silictous Faiences, with a Fusible Silicious Body. 

Sec. 4. So-called Pipeclay Fatences, with a slightly Fusible Argillaceous Calcareous 
Body. 

Suc. 5. Fatences called Pebble Work, with a Fireproof Argillaceous Silicious Body. 


Sec. 6. So-called Feldspathic Faiences, with a slightly Fusible Argillaceous Alkaline 
Body : Composition—Preparation of the Bodies—Moulding—Drying—Burn- 
ing—Setting and Placing in Saggers—Decoration. 

General Arrangements of Faience Works. 


246. Classification. —We have seen that faiences! are pottery 
of a permeable body, either white or coloured, but always covered 
with a glaze. It is the existence of this glaze which distin- 
guishes them from the two other classes of pottery, the ordinary 
terra cottas and the fireproof terra cottas, which, with these, 
form the class of permeable ware. 

We have already said that some potters do not admit of 
this classification (Art. 8), but that in this work we apree with 
the opinion of Deck: “In default of any other generic word, 
I call faience all ware of an earthy fracture (consequently 
permeable) covered over with an enamel ”. 

It seems to us, in fact, to be difficult to class among terra 
cottas some varnished wares simply because the body of them 
is argillaceous and their glaze plumbiferous In that case it 
would be necessary to reckon the pottery from Thun, and even 


1From Faenza, a town in the Marches (Italy). 
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that by Bernard Palissy, as terra cottas We know that it 
may appear odd to some people to call an enamelled brick or 
tile faience. But there are also stoneware and porcelain bricks 
and tiles; we do not then see why there should not be faience 
ones. It is certain that the meaning of the word faience has 
been considerably widened since the time when it was only 
used to denote Italian wares of the fifteenth and sixteenth 
century, and that it is a singular anachronism to apply it to 
the ware of the Persians But, as Deck very well remarked, 
we have no other, and it is better, by accepting the clear and 
precise definition of that celebrated faience manufacturer, to 
get away from the confusion that had arisen in course of time 
from Brongniart’s classification. The advantage of having a 
single word to denote all permeable wares with a glaze is 
especially felt if the French terminology is compared with that 
used in England and Germany. The English have no common 
term to denote all the classes of faience: majolica, Delft ware, 
earthenware, flint ware, iron stone, queen’s ware, ete. It is 
the same in Germany, where Steingut denotes the fine faience 
. of Brongniart, but where the other faiences all have a series 
of names: Terra cotta, Majolika, Irden-geschirr, ete, without, 
up to the present time, there being any general designation 
that is universally adopted. 

The term faience having been adopted to designate all perme- 
able wares covered with a glaze, we do not think that it is necessary 
to continue to call table ware, as Brongniart does, fine faience, 
and common faience the wares from Urbino, from Rouen, and con- 
sequently also the silicious faiences, the most beautiful productions 
of ceramic decoration. The intention of Brongniart was certainly 
not to cast a mark of disgrace on these latter wares, the adjectives 
fine and common only being applied by him to the bodies, which 
were entirely hidden by the glaze. But these words lead to a 
confusion that it is important to do away with. On the other hand, 
the distinction between fine and common bodies is based upon a 
difference of hardness, and we have already seen that the hardness 
should no longer be considered as a characteristic for distinguishing 
between them. 

In speaking on the general principles of classifying the wares, we 


600 TREATISE ON CERAMIC INDUSTRIES. 


said (Art. 3) that it is necessary “to be satisfied with defining 
precisely the principal kinds of ware and with grouping together 
those which, by the similarity of their properties, were the most like 
one another”. Starting with this principle, it seems to us that we 
can distinguish at the present time six kinds of faience, forming 
sufficiently well-defined groups, in which can be classed nearly all 
wares of this order. The distinction between the different kinds is 
based upon the composition of the body, which includes to a certain 
degree that of the glaze. The classification adopted in this chapter 
is the following :— 

1. So-called Varnished Faiences, with a Fusible Argillaceous 
Body, in which the fluxes, oxide of iron, alkalies, lime or magnesia 
are in a sufficiently large proportion to make the body fusible, 
without, however, any of them being in an overwhelming proportion. 
This body, which is always rather plastic, is the same as that used 
for a great number of terra cottas It is formed by one or more 
clays, natural or washed, with the sole addition, if there is any need, 
of sand, or rarely of cement. 

The glaze is usually plumbiferous, sometimes alkaline boracic. 

The word “ varnished,” used to denote these faiences, seems to us 
altogether unsuitable, because. it is applied to the glaze which must 
evidently be fusible, becawse the body is so also. This denomination, 
which we have used in default of another, is wrong in taking the 
consequence for the cause. | 

The principal varieties of this kind of faience are the following : 

Common pottery ; 

Architectural faiences ; 

Encaustic tiles ; 

Stoves ; 

Vases, dishes and decorative objects. 

2. So-called Enamelled Faiences, with a Fusible Argillaceous 
Calcareous Body, in which, in conjunction with a proportion, always 
rather small, of oxide of iron and alkalies, there is a large amount of 

lime. This body, which is moderately plastic, is formed either of a 
natural mar! or of the mixture of a clay with a mar! or with carbonate 
of lime. The glaze is usually stanniferous, sometimes plumbiferous. 

The term “enamelled” denoting these faiences is also improper. 
Sometimes the word stanniferous is used; this is still worse, 
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because the tin is only to make it opaque, and its presence in 
a glaze gives no indication of the composition of the latter, and, 
still more, of that of the body. We have only used the word 
enamelled in default of another, and so as not to break through 
a terminology that has become consecrated by use. 

3. So-called Silicious Farences, with a Fusible Silicious Body, 
containing a little clay, a great deal of silica, and a good pro- 
portion of alkaline fluxes or limestone. This body, which is 
very slightly plastic, is at the present time composed of silica, 
with the addition of non-ferruginous plastic clay and lime, or 
alkalies of different kinds. The glaze is alkaline plumbiferous. 

4. So-called Pipeclay Farences, with a slightly Fusible Argil- 
laceous Calcareous Body, formed of a mixture of white fireclay 
and a small proportion of carbonate of lime and marl. The 
body, which is decidedly plastic, needs a higher temperature 
for burning it than the preceding ones do. The glaze was 
formerly an alkaline plumbiferous one; now alkaline earthy bases 
and boracic acid are often added to it. 

5. Farences called Pebble Work, with a Fireproof Argillaceous 
Silicious Body, formed by the mixture of white fireclay and a large 
proportion of silica. The body, which is somewhat plastic, needs 
to be burnt at a high temperature. The glaze is plumbiferous, 
alkaline, alkaline earthy, boracic. 

6. So-called Feldspathic Faiences, with a slightly Fusible 
Argillaceous Alkaline Body.—This somewhat plastic body is 
usually formed of a mixture of white refractory earth, kaolin, silica 
and an alkaline flux in the form of feldspar or pegmatite. The 
glaze is plumbiferous, alkaline, alkaline earthy, boracic. 

It is impossible to include in this classification the so-called 
Oiron faiences that were mentioned in the historic part of this 
work (Art. 13). The body of them, when analysed by Salvetat, 
seemed to be composed of 


Silica . . . . . . . . . 59-00 
Alumina . . . . . . . : 40°24 
99-24 
ne 


with some traces of iron The glaze is a plumbiferous varnish. 
‘The decoration was obtained entirely by slips incrusted in the 
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body. If the preceding analysis be taken as correct, one is 
surprised by the very large proportion of alumina, which would 
give so plastic a body that it would be very difficult to 
mould it; at least if to the almost pure white clay, which 
would serve as a base in the composition of the body, there 
is not mixed some grog made of the same clay. Brongniart 
puts the Oiron faiences among the so-called pipeclay ones, but 
the absence of lime in the body and of alkalies in the glaze 
prevents us from adopting this classification. This faience then 
constitutes a special kind, but considering the small number 
of potteries that make it (53) and the disappearance of this 
manufacture, it seemed to us unnecessary to put it into the 
general classification. 


1. So-called Varnished Faiences, with a Fusible 
Argillaceous Body. 


247. Common Plumbiferous Ware.—Varnished plumbiferous 
pottery has been in general use for all domestic purposes from 
the twelfth to the fifteenth century. At the present time it is only 
“used for vases, generally intended for cooking food. The body 
is either that of ordinary ware, or else composed of a more 
or less fusible clay, generally a ferruginous calcareous one, with 
the addition of grains of quartzeous sand or cement, the object. 
of which is to make it less sensitive to the variations in tem- 
perature. What was said on the subject of fireproof bodies 
applies also to this ware. The resistance of heat, or rather of 
an unequal heating, is greater the larger the proportion of the 
thinning materials In this direction the only limit is the 
necessity for keeping the body sufficiently plastic for it to be 
moulded. . | 

This moulding is almost exclusively done by turning, fastening 
on the handles, spouts, or feet afterwards. They are easily dried 
near the moulding shops When the drying is finished, the 
glaze can be put on the unburnt ware. If, on the other hand, 
the climate is not suitable for it, it is better to burn the body 
first, then to vitrify the glaze at a second burning. The latter, 
which is thin and transparent, is only for the purpose of making 
the body impermeable. 
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The glaze is a silicate of lead, which is more fusible in 
proportion as the amount of silica in it is less The composition 
of it usually varies between 


Silica. . . . . . . . 28°8 

Oxide of lead . . . . . . . 7-12 
and 

Silica . . . . . . . . . 447 

Oxide of lead . . . . . . . 55°8 


the first composition having the formula 
PbO, 14Si0%, 
and the second the formula 
PbO, 8Si0?. 


Usually there is added to the glaze a certain quantity (from 
5 per cent. to 20 per cent.) of clay, generally that employed for 
making the body being used for this purpose. This addition, which 
is to give the glaze a certain amount of plasticity, has the effect 
of lessening its fusibility, and may cause it to be necessary to 
modify the relative amounts of silica and oxide of lead. In any 
case it must be arranged that there should be at least 14 equivalent 
of silica to 1 equivalent of base, if it is desirable not to risk there 
being some oxide of lead uncombined. If the proportion of silica 
is above 3 equivalents to 1 of the base the glaze usually becomes 
not fusible enough for this kind of ware. 

The inside of vases is sometimes covered with a white glaze that 
is necessarily opaque. This is usually obtained by adding 10 per 
cent. to 15 per cent. of oxide of tin to the preceding varnish, and 
by, at the same time, reducing the proportion of silica so as not to 
alter the fusibility. The added clay ought in this case to be a 
white fireclay. In a general way these white enamels are rather 
difficult to get. Details of this subject will be found in the course 
of the work. 

The glaze is generally applied by washing, sometimes by dipping, 
very seldom by dusting. The compound of lead employed is either 
red lead or galena for the commonest wares. The glaze is often 
colourless, or slightly coloured by the oxide of iron contained in 
the clay that is mixed with it. In that case the ware has a 
brighter colour than the body. Sometimes a certain percentage 
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of oxide of manganese (5 per cent. to 12 per cent.) is added to 
it so as to obtain a brown colour, or 2 per cent. to 3 per cent. 
of oxide of copper (scales of red copper), which gives it a green 
colour, more or less modified by the colour of the body which 
shows through. | 

It is still often burnt in horizontal kilns with one fireplace, but 
it would be more advantageous to use round kilns with descending 
flames. For large quantities, which are very rare, it would be better 
to use kilns with continuous firing with trenches, or else those 
with several burning spaces. The charging, whether for burning 
the body or the glaze, is done in bulk. 

The manufacture of common ware is done in small local 
potteries, placed near the clay pits. The quality of the ware, 
that is to say, its resistance to firing, depends almost entirely 
on that of the clay that is used. There is no longer any reason 
for this manufacture, except the cheapness of the ware; also, 
however rudimentary it may be, it is useless to try and improve 
it, because then only dearer goods would be obtained, without the 
quality of them being comparable to that of other wares. 

Among the common varnished wares may be classed also some 
pipes used for conveying liquids, the inside of the permeable body 
of which is covered over with a thin and transparent plumbiferous 
glaze. These pipes, moulded by turning or expression, which were 
formerly very much used, are at the present time almost everywhere 
replaced by stoneware pipes. The manufacture of them, in other 
respects, is the same as that of other common ware. The employ- 
ment of a plumbiferous glaze presents certain dangers in pots 
intended for cooking food. When the temperature was not high 
enough to combine all the oxide of lead, or when the glaze does 
not contain enough silica (many compositions given in works on 
pottery are of this kind), this uncombined oxide of lead may be 
dissolved by the acids of the food and cause blood-poisoning. 

The Board of Health in France has ordered the following 
method for testing whether the varnished wares are harmless: 
“ Boil gently for half an hour in the doubtful pots some vinegar 
with the same quantity of water added to it, filling up the liquid 
as it evaporates and making the volume in proportion to the 
capacity of the pot (50 grammes of vinegar being sufficient for a 
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half-litre pot); let it cool, filter it and add to one part of the 
colourless solution some sulphuretted hydrogen dissolved in water, 
or pass a current of this gas through it. The presence of lead 
will be detected by a black precipitate or else by a brown colour. 
In another part of the solution some iodide of potassium would 
produce a yellow precipitate of iodide of lead” Manufacturers 
would do well themselves to try this experiment on certain of the 
least burnt of their ware before selling their goods, and thus avoid 
exposing themselves to very disagreeable consequences, independently 
of the trouble they would experience if they poisoned their fellow- 
citizens. 

248. Common Non-Plumbiferous Ware.—The defect, happily a 
very rare one, which has just been pointed out is, however, serious 
enough to have caused numerous researches on the part of potters, 
for the purpose of replacing plumbiferous glazes by other compounds 
that do not contain lead The problem is a very difficult one to 
solve, if at the same time the glaze must not be made too fusible 
and the price must not be increased out of proportion with the 
modern value of the ware. 

If it is not intended to leave the lead out altogether, it can be 
partly replaced by a certain quantity of alkali, in such a way as to 
obtain a double silicate of lead and alkalies In that case the 
alkalies are usually introduced in the form of silicate of soda or 
soluble glass, but soda or potash can be used direct. The chemical 
composition of these glazes may be represented by the formula 


1 {Fee 


Pweg} 1808 


On this principle, M. Constantin has suggested the following 
composition :— 


Silicate of soda in solution at 50° . . . . 100 
Red lead . . ‘ . . : . . . 25 
Silica (powdered quartz) . . . . . . 15 


If it is advisable to leave the lead out entirely, on the one hand 
lime must be introduced into the glaze, so as to obtain a non-soluble 
glass with the alkalies, and, on the other hand, a part of the silica 
must be replaced by boracic acid, so as to increase the fusibility. 

According to Seger, it would, besides, be necessary for the glaze 
te contain a certain proportion of alumina (clay) so that it should be 
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sufficiently transparent, the composition of the glaze being limited to 
the two following formulas :— 


{ 0-6K20 or Na*O 


-F Al2 ‘02. 0: 3 
0-4Ca } 0°5A1705, 48i01, 0‘5B?0 


f0-2K10 or Na*0 


. 102 3 
(Cao } o-6altos, 5sio?, 1B*0 


which correspond approximately to the following centesimal pro- 


portions :— 

Silica . . . . . . . 60:5 58°6 
Boracic Acid . . . . . 11°35 18-0 
Alumina. . . . . . 18°0 12:0 
Lime . . . . . . . 5°6 9°0 
Alkalies . . . . . . 9-4 2°4 

100-0 100-0 

DS LE 


The relative amount of lime and alkalies depends on the com- 
position of the body, the alkaline glazes having to be applied to 
silicious bodies and the calcareous glazes to aluminous bodies. On 
the other hand, M. Constantin has suggested for the glaze without 
the addition of clay the following composition :— 


Silicate of soda in solution at 50° =. . . . 100 
Carbonate of lime . . . . . . . 15 
Silica (powdered quartz) . . ; . . . 15 
Borax . . . . 10 


À white glaze can be obtained by adding to the most fusible 
glaze from 10 per cent. to 12 per cent. of oxide of tin if the body is 
slightly coloured, and from 12 per cent. to 15 per cent. for ferruginous 
bodies. If, on account of this mixture, the fusibility becomes too 
weak, it is sufficient to increase the proportion of boracic acid 
slightly. 

Some glaze merchants sell leadless glazes, the composition of 
which they keep more or less secret, but it does not seem as if these 
compounds, which, besides, contain all the substances already men- 
tioned, could be applied indiscriminately to all kinds of body, as the 
plumbiferous glazes can, by the simple addition of silica or clay. 

It has also sometimes been suggested to introduce the salts of 
baryta—heavy spar or witherite—into these glazes, but these sub- 
stances present difficulties in use that are not very easy to over- 
come in the factories for common ware, which are always rather 


primitive. 
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249, Architectural Faiences.—Bricks, tiles, paving tiles, the 
architectural terra cottas of which we spoke in Chapter IX., may be 
covered over with glazes. As we have seen in the historical survey 
of pottery, this use of glaze dates back to the remotest antiquity. 
After having been invented by the Egyptians and Persians, who, 
however, made use of bodies which were more silicious than those of 
which we are now speaking and of which we shall speak later on 
(Art. 256), it was lost, and came into favour again in the East in the 
tenth century, and in Europe in the twelfth or thirteenth century, 
thanks to the employment of plumbiferous glazes. Yet this beautiful 
manufacture almost entirely disappeared after the sixteenth century, 
to reappear, but very slightly, in the course of the nineteenth century. 
We must, however, remark that it has always been much favoured in 
the far East. At the present time, the body of the architectural 
faiences is nearly always formed of a fusible clay; it is only rarely, 
and then for small objects, that use is made of one of the bodies for 
faience which will be described in the course of this chapter. All 
the bodies for terra cottas cannot receive glazes. Independently of 
the agreement which is indispensable between the glaze and the 
body, it is absolutely necessary that the latter should have a fairly 
smooth surface and not be too porous. These defects, however, can be 
at least partially corrected by smoothing the body after it has been 
moulded or by covering it over with thin slip. 

The .composition of the glazes and the manner of putting 
them on naturally depends on the composition of the body, on 
the colouring of it, and also on that of the glaze. 

If the body is inclined to orange or red, a transparent plum- 
biferous glaze gives it a more or less intense red colour. By 
adding to this glaze from 5 per cent. to 8 per cent. of oxide 
of manganese, darker or lighter brown colours are obtained. 
A mixture of the oxides of iron and manganese, with a touch 
of cobalt, makes black. All the other colours can only be obtained 
on this body by means of slips or opaque glazes. 

With yellowish bodies the series of transparent colours is 
much richer. Silicate of lead alone gives yellow. The mixture 
of that with oxide of iron or manganese produces the preced- 
ing various red and brown colours. Besides, green can easily 
be obtained by means of oxide of copper, and blue with oxide 
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of cobalt. There are scarcely any except quite light colours 
and white which need be opaque. 

Lastly, it is only quite exceptionally that a body already 
sufficiently white has to be decorated, as with a colourless glaze 
white can be produced. A light yellowish tint, however, can be 
hidden by a glaze containing a little cobalt. 

This being settled, we see that the decoration in colours of 
architectural faience resolves itself into three points :— 

1. The employment of a transparent glaze on a body covered 
by coloured slip. 

2. The employment of transparent coloured glazes. 

3. The employment of an opaque, white glaze, which can 
be slightly coloured for light tones. 

There are special conditions of manufacture, colour and shape 
of the wares which have to decide as to the use of slips or 
coloured glazes; it is impossible to give any rule as to that 
question. 

The colourless transparent glazes are always plumbiferous ; 
the composition of them is usually one equivalent of oxide of 
lead to 2, 2:5, or 3 of silica, that is to say, that it usually 
varies from 60 per cent. to 55 per cent. of oxide of lead to 40 
per cent. or 45 per cent. of silica The most silicious bodies 
are used with the most plumbiferous varnishes. 

The coloured glazes are generally formed of the preceding 
plumbiferous glaze, with the addition of colouring oxides in 
the proportion of a half to five per cent., according to the 
shade that is required. This quantity having been added to 
the oxide of lead, the amount of silica is slightly varied, so 
as to obtain glazes that are equally fusible. 

In order to obtain certain colours it is necessary, as we saw 
in Chapter VIIL, to introduce some alkalies into the glaze. In 
that case a part of the oxide of lead is replaced by alkali, the 
proportion in no case being allowed to be above one equivalent 
of lead for one of. alkali: the chemical composition in that 
extreme case being 


0°5Pb*0 


03 
0-5K20 or NaO } 3810°, 


On the other hand, it is not wise to make the amount of 
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silica fall below 24 equivalents.) The introduction of the colour- 
ing oxides modifies the fusibility a little, but this can be cor- 
rected by varying the proportion of silica with the preceding 
limits. If, in spite of this correction, the glaze was still too 
fusible, the proportion of alkali would be lowered, and if that 
cannot be done because of the colour that is wanted, then in 
place of the lead a little lime or oxide of zinc would be added, 
as these are much more refractory. | 

As to boracic glazes, they are scarcely ever employed in the 
glazes for architectural faience, because the degree of fusibility 
required can always be more economically obtained with oxide 
of lead. 

Opaque white glazes are more difficult to get, because the 
introduction of the elements to make them opaque has the effect 
of lessening the fusibility. If the body contains a rather large 
proportion of lime, the white enamel for enamelled faience, 
of which we shall speak later on, can be made use of. If such 
is nat the case, and if the body is slightly coloured, sometimes 
an enamel can be used composed of 60 per cent. of oxide of 
lead and 40 per cent. of silica, with the addition of 10 per cent. 
to 12 per cent. of oxide of tin For highly coloured bodies 
this enamel is not opaque enough, and besides it is often too 
refractory. In these two cases we must then resort to the use 
of boracic acid as a flux, by partially substituting this for the 
silica, Enamels of this kind can be represented by the 
formula 


eo 1 68i0?,0-5B*0? + 10 per cent. to 12 per cent. SnO!, 
0-3Ca0 


which is only given by way of an example, all the propor- 
tions being subject to variation, according to the nature of 
the body and the degree of fusibility to be obtained. 

Further, the whole or part of the oxide of lead can be replaced 
by alkali, but then the amount of silica must be increased, and 
then they resemble the glazes used for the common non-plum- 
biferous wares, of which we have just spoken. 

The glazing is done by different methods For bricks, which 
are always glazed on one or two faces only, it is generally 
done by immersion. For tiles a paving tiles the upper face 
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is sprayed. Lastly, other kinds of architectural faience are 
glazed by one or other method, at least, if one is not obliged 
to put it on with a brush, which is naturally compulsory when 
the pieces are many-coloured When the goods are round, this 
application with a brush can be more easily done by turning 
them on a wheel, the brush being moved in height only when a 
whole turn has been accomplished. 

Generally, it is applied to the unburnt dry body; for some 
more delicate objects it is preferable, however, to apply the 
glaze to the burnt body. 

The burning may sometimes be in the continuous kilns used 
in tile works or brickfields, especially if they are heated by 
gas, and if the glazed or enamelled parts are carefully pro- 
tected by an appropriate placing. However, it is generally 
preferable to burn architectural faience either in a muffle or 
else placed in saggers in round, intermittent kilns The 
atmosphere of the kilns, however, ought always to be oxidising, 
and the length of the hard firing should be short enough to 
prevent too great a volatilisation of the oxide of lead, or of 
the boracic acid. 

Besides, all the methods which were mentioned in Chapter VIII. 
and especially gilding, can be used for decorating architectural 
faience. In some cases they have tried to lessen the shine of 
the glaze by diminishing its fusibility, especially by adding to 
it a larger proportion of silica. Vitrification is then not complete, 
and the surface remains more or less dull, without, however, 
it having the absolutely dull look of the slipped ware. 

There now remains to be examined one question, which has 
raised many discussions, v2z., that of the resistance of architec- 
tural faience to the weather, and especially to frost. First, it 
is quite evident that the body must fulfil the conditions of 
resistance of which mention was made when speaking of terra 
cotta (Art. 230), and that the least burnt bodies must not be 
taken and covered over with a glaze, as there has been an 
attempt sometimes to do. | 

If, then, a body that is perfectly resisting is taken, it is easy 
to see that the presence of a glaze has the effect rather of 
diminishing the resistance than of increasing it. The body 
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being saturated with water, if it is subjected to frost, the ice 
which is formed in the pores exercises on the whole interior 
surface of the glaze a pressure which tends to detach it, or at 
least, to make it crack off in scales. To remedy this defect, 
which may become serious, it is absolutely necessary to obtain 
a close union between the body and the glaze. This .latter 
ought to penetrate sufficiently deeply into the pores of the 
body, and not simply form a layer on the surface. This 
object is obtained by giving the glaze a composition which 
allows it to harmonise with the body, and even to act upon it 
chemically. Thus a strongly alkaline glaze would adhere better 
to a silicious body than to an aluminous body, in consequence 
of the combination of the alkalies of the glaze with the silica 
of the body. The opposite effect is more difficult to get, because 
an excess of silica in the glaze, which would be sufficient to 
act upon a basic body, would make this glaze too hard to 
vitrify. On the other hand, it is necessary, in order to obtain 
godd ware, that the vitrification should be complete and sufficiently 
prolonged to allow of the glaze penetrating well into the body, 
and to give time for the chemical actions to take place. 

Faience manufactured under these conditions would resist 
all weathers, as has been proved by numerous examples of 
faience of the Middle Ages, employed in the outsides of buildings, 
which have remained intact up to the present day. 

Nevertheless, it is prudent to place the faience in such a way 
that the surfaces which are not enamelled should not be too 
much exposed so as to absorb the water. This condition is 
nearly always easy to be accomplished in walls; as to roofs, 
it is sufficient not to give them too little slope. These varnished 
or enamelled roofs, having also a decorative purpose, it is always 
best, so as to make the decoration effective, to give them a 
rather steep inclination. 

250. Encaustic Tiles.—Encaustic tiles deserve a place to them- 
selves among architectural faiences, because of the great development 
which häs taken place in the manufacture of them in the Middle 
Ages, and on account of certain specialities in the making of them. 
The most ancient examples of tiles of this kind that we possess 
date from the twelfth century; they were very much in vogue in 
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France, England and Flanders for the paving of churches and 
castles in the thirteenth, fourteenth and fifteenth centuries. Then 
they disappeared in the sixteenth, to be replaced by enamelled 
faience paving tiles This manufacture has since been revived, 
especially in England, but although the modern ware may be more 
resisting than the ancient, it is searcely probable that the use of 
them will spread, on account of the competition there is between 
them and stoneware inlaid tiles. 

The manufacture of encaustic paving tiles includes the following 
different operations :— 

1. Moulding the tiles by hand with an argillaceous body. 

2. Stamping them in hollows by means of a block on the 
upper surface of the tile when slightly dried, in the shape of some 
design. 

3. Filling the hollows thus obtained with a somewhat liquid 
body of a different colour to that of the tile, and the scraping of 
the surface by means of a metallic straight-edge. 

4. Beating the stiffened tiles to harden their surface. 

5. Glazing the upper surface of. the dry tile by spraying it 
with a plumbic glaze. 

6. Burning them in muffles or saggers. 

These paving tiles are usually square, of small size, from ‘79 
in. to 1:18 in. thick. The ancient tiles were sometimes of various 
shapes, according to the design they were to reproduce. The depth 
of the stamped hollows varies from 1:18 in. to 1:97 in. 

The previous method of making them may be simplified by 
moulding them in a press. In that case a metallic mould is used, 
in the bottom of which is placed a little piece of plaster with a 
projection equal to that of the hollow that is required. A rough 
cake of fine body is put into it, which is intended to form the 
surface; then a thicker slab of coarser body is put over it, after 
which a stroke is given with the press to mould and weld the 
whole together. The employing of two different bodies is for 
the purpose of economising the more costly fine body. The 
rest of the manufacture takes place as we have just said. 

The tiles are generally yellow, orange, red, brown or black. 
The slips, also, can be coloured green or blue by copper, chrome 
and cobalt. As these slips are put on with a more liquid body 
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than that of the tile, they would shrink more and become de- 
tached if the precaution were not taken of putting more thinning 
material into the composition of them. As to the glaze, it is 
a silicate of lead and does not differ from those already de- 
scribed for the preceding ware. 

251. Stoves.— Nearly all the stoves manufactured at the 
present time have an argillaceous-calcareous body. We will 
give more details about this manufacture in the following 
paragraph. Yet the argillaceous bodies, when suitably thinned, 
can be employed for this purpose, contrary to the general 
opinion even of potters. All the stoves manufactured in Germany, 
Switzerland, and Alsace before the sixteenth century, made of 
tiles fastened together, which were often of large dimensions, 
were made in glazed faience. It was only at the end of the 
sixteenth century that Hirchvogel introduced at Nuremberg the 
manufacture of stoves in enamelled faience. 

The difficulty consists in finding a body that well resists 
& rapid and often uneven heating without cracking, and which, 
at the same time, can be covered with a glaze which will not 
start. One generally goes from one defect to the other with- 
out finding a true medium As the resistance to heat is finally 
more important than the decoration, the result is that the glaze 
is almost always crackled. 

Good results, however, can be obtained by proceeding as 
follows: A large enough proportion of sand with a medium 
coarse grain is mixed with the clay in such a way as to 
obtain a body similar to that of fireproof goods, but grog 
must not be added to it, as is done for argillaceous-calcareous 
bodies. The tiles when made are burnt, then covered with 
slip of a plastic clay thinned with fine sand or ground quartz, 
but not powdered. When the slip is dry the glaze is 
sprayed on, and a second burning takes place. If the stove 
is to be white, then a white clay is used as a slip, because 
it is difficult, if not impossible, to employ an opaque enamel 
similar to those used for architectural faience. 

252. Vases, Dishes and Decorative Objects.—The use of 
plumbiferous glazes for vases, dishes, and other decorative 
articles of furniture was known to the Egyptians, as is proved 
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by the pottery found in the hypogea, and which has been 
wrongly called by the name of Egyptian porcelain, The 
modern archæological discoveries have shown that tbe plum- 
biferous glazes have never ceased to be known, but that 
for reasons unknown the manufacture of them has never been 
developed. We must wait until the twelfth century to see 
the glazed pottery become the object of regular manufacture 
in Italy, whence it spread in the thirteenth century to France 
and Germany. 

The body was always coloured, consequently the colours 
introduced into the transparent glaze could only give yellow 
(this only on light bodies), red, brown and green. On the 
other hand, the decorative moulding of the body consisted of 
reliefs, modelled by hand, or stamped separately and put on, 
and of features carved out or hollowed into the body while 
still plastic. The manufactories of Beauvais have long been 
renowned for this kind of ware. 

In the fifteenth century the use of slips furnished another 
means of decoration. We know that slips were known by 
the Greeks and Romans, but they appear to have fallen into 
oblivion, to be used afresh in Italy, whence, in the same 
way as plumbiferous varnish, they spread over the whole of 
Europe. 

We have already said that this manufacture disappeared 
in the sixteenth century, or at least it has no longer been 
used except for the production of common ware. Yet they 
continued to make at Thun, in Switzerland, and in the Black 
Forest some wares which have been the fashion again for a 
time, and the decoration of which is done on a body that has 
first been covered with a general slip, either brown or white, 
by putting coloured slips upon it by means of a pot with a 
thread-like spout, which allows them to fall out drop by drop. 
This process has been called by the name of imitation sugar 
work (Art. 190). It is usually finished off with a brush in 
such a way as to form flowers, leaves, or other simple motives 
of ornamentation. The wares are afterwards heated at a low 
temperature to fix the slip well, then covered with a plumbi- 
ferous varnish by watering it or by immersion. 
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Some potters have classed the wares by Bernard Palissy 
among enamelled faience; it seems impossible to us to agree 
with their opinion. Doubtless the body used by Palissy is 
very slightly coloured, which makes it different from other 
ancient varnished faience, but the following composition given 
by Brongniart, classes it among the argillaceous non-calcareous 
bodies :— 


Silica . . . . . . . . . 67:50 
Alumina . . . . . . . . 28°51 

Oxide of iron . . . . . . . 2-05 

Lime . . . . . . . . . 1:52 
Magnesia. . . . 2 . . 0 

Alkalies . . . . . . . . not measured. 


The glaze, besides, is distinctly plumbiferous; if it contains 
a little tin, that can only be, according to Deck’s opinion, 
accidental, and not for making the coloured glazes opaque, 
because Palissy has not precisely used a relatively white 
body, except to obtain a white colour with a transparent 
varnish. 

The moulding of the ornaments, leaves, feathers, various animals, 
must be done by moulding the pieces themselves and by sticking 
the pieces thus obtained on to the vases or on to the dishes. 

The colours of the glaze are a decided yellow and yellow 
brown, doubtless obtained with ochres, an indigo blue from cobalt, a 
greyish blue, an emerald green from copper, a yellow green from 
copper and ochre, a violet from manganese, and a violet brown from 
manganese and ochre. 

Bernard Palissy’s faiences have often been imitated, but for this 
purpose argillaceous-calcareous bodies have been used in prefer- 
ence to stanniferous glazes. 

The artistic decoration of glazed faiences has been very much 
developed of later years. Potteries that have become important 
ones have made them their speciality. 


2. So-called Enamelled Faiences, with a Fusible Argillaceous 
Calcareous Body. 


253, Composition.—Enamelled faiences have been used for table 
ware and for all decorative and show pieces from the sixteenth to 
the eighteenth century. At the present time it is no longer used 
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except to make imitation Moorish, Italian or French faiences, and 
for the manufacture of stove tiles. 

The following, according to Brongniart, is the composition of the 
body of a certain number of these faiences :— 


Silica. 
Alumina. 
Oxide of Iron 


Persian faience (of the 14th to 


16th century) ° 
Hispano-moresque faience . . 
Hispano-moresque faience from 

Manises . . 
Luca della Robbia faience . 
Nevers faience . 
Rouen faience 
Delft faience 


SSE RE 
wim RO GI RD CO CO 
BIOS Ke 





The iron oxide and carbonic acid and losses include the alkalies 
which unfortunately have not been measured, and the carbonic acid 
given off from the carbonate of lime which is not decomposed on 
account of the insufficient temperature for burning them. 

In these bodies the proportion of lime varies from 15 per cent. 
to 22 per cent., about 20 per cent. being the average, which corre- 
sponds to 35 per cent. or 36 per cent. of carbonate of lime. This 
large amount of lime is only allowable on account of the slight 
burning, one part only of the carbonate having been decomposed, 
and the other not having acted as a flux, but simply as a thinning 
material. With the higher temperatures that are used at the present 
time for burning the bodies it is best to slightly lessen the propor- 
tion of lime. If we imagine all the carbonic acid left out, the 
medium for the amount of lime in the preceding bodies would be 
from 22 per cent. to 23 per cent., while now the limits are 13 per 
cent. to 16 per cent. Below that the stanniferous enamel has a 
tendency to start, and above that the body behaves badly when 
burnt and absorbs the plumbiferous glazes, that can also be used 
to decorate it. 

Deck puts down for faience in imitation of Palissy ware a 
composition which would give a body containing from 65 per cent. 
to 66 per cent. of silica, 14 per cent. to 15 per cent. of alumina, and 
19 per cent. to 20 per cent. of lime. We think that it would be 
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better to lessen the proportion of lime and to keep to the bodies of 
which the composition would vary between the following limits :— 


Silica . . . . . . . . 60 to 65 
Alumina . . . . . . . . 18 ,, 20 
Oxide of iron . . . . . . . 2, 4 
Lime . . . 2 . . . 18 ,, 16 
Alkalies . . . . 2, 4 


These bodies, at first reddish-yellow when they are burnt at a low 
temperature, become a slightly yellowish white when they have 
been burnt enough to decompose the carbonates. 

All the ancient bodies for enamelled faience and the most of the 
new ones are entirely covered over with an opaque white glaze, 
which forms the background for the decoration. 

The following are some different compositions for this enamel 
given by Brongniart and Bastenaire-Daudenart :— 


Calcine composed of :— 
Oxide of tin . 
Oxide of lead 


Calcine . 


Oxide of lead 
Sand . . 
Alicante soda 
Sea salt 





In these compositions it must be noticed that Alicante soda 
contains only about a third of carbonate of soda and that its action 
is consequently almost nothing; it would seem to be added in the 


same way as the tartar from wine used by the Italians, only so as 


to facilitate the fritting of the enamel. 
Under these conditions the following composition can be taken 
for these glazes :— 


Silica . . . . . . . . . 45 
Caloine Oxide of lead . . . . . . 86 
Oxide of tin . . . . . . 10 

Sea salt  . . . . . . . . . 9 
100 

ss 


This composition, when burnt, gives an enamel corresponding 


somewhat to the formula :— 


0°25Na?0 


. 209 . 3 
0-75PbO } 8-58i03 + 0-8Sn0?. 
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It is wise to frit the sea salt and the silica first, then to add the 
calcine and to smelt them. If, as is often done, the whole is fritted 
together, there is a fear that the salt will not be completely de- 
com posed. 

254. Decoration.—The special methods of making dishes, vases 
and decorative objects in faience will be examined at the end of 
this chapter ; at present we shall only discuss the special methods 
for decorating enamelled faience. 

The white enamel, of which the composition has just been 
pointed out, may be coloured by the addition of 3 per cent. 
to 10 per cent. of colouring oxides. For example, yellow is 
obtained by 9 per cent. of antimoniate of lead, blue with 
5 per cent. of oxide of cobalt, green with 5 per cent. of protoxide 
of copper, violet with 4 per cent. of oxide of manganese, etc. 

The body having been burnt at a temperature sufficiently 
high to decompose the carbonates (1,000° to 1,200° C.), the enamel 
is applied either by immersion or watering, then it is left to 
dry. The decoration can then be done by two methods: either 
the colours are put on the unburnt enamel and the manu- 
facture is finished by a second burning, or the enamel is first. 
burnt, and then decorated, the colours being afterwards fixed 
by a third heating. 

The first method, called painting for hard firing on raw 
enamel, has been almost the only one used in the manufacture- 
of the Italian, French and Dutch faiences from the fifteenth to: 
the eighteenth century. We have seen, in Art. 193, that this 
method presents great difficulties, on account of the friability 
of the raw enamel, but that, on the other hand, for painted 
decorations, it gives deeper tones, becoming more embodied in 
the glaze. The vitrifiable colours used are generally plum- 
biferous, sometimes alkaline-plumbiferous. In Italy and Holland 
it was the custom to sprinkle the raw enamel with a second 
alkaline-plumbiferous glaze, which allowed of the employment of 
alkaline vitrifiable colours and gave a greater shine to the 
ware. | 

The painting on burnt enamel has been employed since 
the beginning of the eighteenth century, by Hannong and all 
the potters who were disciples of the Strassburg school. This. 
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method has usually been employed since, the decoration being 
easily done by means of vitrifiable colours. Transparent coloured 
glazes can also be made use of by surrounding the different 
enamels with a black outline, that is to say, by making use 
of cloisonné enamels (Art. 192). 

The two preceding methods of decoration are based upon 
the use of a white stanniferous enamel as a background, hiding 
the colour and defects of the body. This is why the name of 
stanniferous faience has been given to this class of ware. But 
as, at the present time, it is easy to obtain very slightly coloured 
argillaceous calcareous bodies, these can be covered with trans- 
parent glazes of more varied colours, as we said when speaking 
of Bernard Palissy’s faience. The calcareous composition of 
the body then has the advantage of allowing at the same 
time of the use of transparent and opaque enamels for light 
tones, and especially for white, which is so difficult to obtain 
with argillaceous bodies. 

255. Stove Tiles, Panels, etc.—We have seen that stove 
tiles, panels, and in a general way the faiences that have to 
bear an uneven heating, must be made of a body somewhat 
like that for fireproof terra cottas, that is to say, one formed 
by the mixture of a clay and quartzeous sand or grog. 
Unfortunately, the porous mass thus obtained cannot be 
covered with glaze. The surface of it must'be made more 
compact by slip of the same clay, with the addition of some. 
fine sand. Then it can be covered with a plumbiferous varnish, 
but not with an opaque enamel. This latter can only be fixed 
without cracking to a calcareous body. 

Thus, on the one hand, in order to resist heating, an argilla- 
ceous, porous, coarse body is needed; and, on the other hand, for 
the glaze, a compact calcareous fine body is required. It is some- 
what difficult to find the exact medium between these contra- 
dictory conditions. At first sight it would seem as if a solution 
might be found by making the tiles with a coarse fireproof 
body, which would be covered with a slip of fine calcareous 
body. But the difficulty is simply shifted; there being no 
agreement between the two bodies, the slip would start. 

At the present time there are two ways of solving this 
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difficulty: by taking a moderately calcareous body, opened 
by means of sand and grog, and covering it, by dipping 
or brushing, with a slip made of the same body, only finer, 
that is to say, thinned only with fine sand; or else by using a 
kind of body that has a medium composition and texture. 

As the physical texture plays as important a part as the 
composition, it is impossible to give a definite type of body, 
so we must content ourselves with setting down the following 
general rules. The amount of carbonate of lime ought to 
vary from 10 per cent. to 14 per cent., below which the 
enamel starts; above it the body splits. The proportion of 
14 per cent. correspands to a body containing a little oxide 
of iron, it may be from 1 per cent. to 2 per cent., while the 
proportion of 10 per cent. is applicable to the bodies contain- 
ing from 5 per cent. to 6 per cent. of it. The proportion of 
alumina ought to be as much reduced as possible, so as only 
to leave the plasticity that is strictly necessary for moulding, 
which, with the relative plasticity of carbonate of lime being 
given, usually corresponds to a proportion of 12 per cent. to 
14 per cent. 

According to Barral’s analysis, the ancient body used by 
Pichenot was composed of— 


Silica . . . . . . . . 56°38 to 55°4 
Alumina. . . . . . . 29°2 ,, 26°6 
Oxide of iron . . . . . . 09 ,, 1:3 
Lime . . . . . . . . 147 ,, 18°2 


and formed by the mixing of— 


Plastic clay . . . . . . . 23 parts 
Mar] . . . . . . . . . 25 ,, 
Sand. . . . . . . . . 12 ,, 
Fireclay cement . . . . . . 87 ,, 


The composition of the fireclay cement being set down as 
evidently rather aluminous, we see that about half the alumina 
must be in the cement, that is to say, in the state of an anti- 
plastic material. 

In Germany at the present time for the manufacture of 
stove tiles Velten clay is much used, the composition of which, 
according to Seger, was the following :— 
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Silica . . . . . . . 47°86 to 43°48 


Alumina . . . . . . . 11:90 ,, 10°46 
Oxide of iron . . . . . . 5°18 ,, 510 
Lime . . . . . . . 18-68 ,, 14°96 
Magnesia . . . . . . 1:71 ,, 1°42 
Alkalies . . . . . 4:00 ,, 3°66 
Water and carbonic acid . . . 16-98 ,, 15°08 


This clay, tested by washing with M. Schone’s apparatus 
(Art. 52), gives :— 


Grains of less than ‘0004 in. . . . 73°48 
” » ‘0004 in. to ‘0010 in. . . 4°02 
” ” ‘0010 in. ” ‘0015 in. e . 8°28 
” ” ‘0015 in. ,, ‘0078 in. . . 14°00 
Grains of more than ‘0078 in. . . . . 0°22 





F1. 279.—Moulding of Stove Tiles. 


The preparation of the bodies is by first sorting the clay, 
then proceeding as described for argillaceous fireproof bodies. 
The making is always by moulding by hand, generally in 
plaster moulds, by putting into them a rough shape, obtained 
by cutting from a block of the body a slab of the required 
dimensions. In this way panels having as much as 24 and 
even 30 inches square on the surface can be obtained. 

For stove tiles the moulding is more complicated. This is 
how it is done in Germany, the country where the most 
important factories for this ware are situated. 
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In a plaster mould (Fig. 279) they first begin by making 
a plaque (A), as we have just described; then a column of body 
(B) is put on it, this is obtained by expression; to this a 
rectangular form with rounded corners is given by joining it 
to itself, and then to the plaque. When this is done, a round 
roll (C) is added to it outside, which is flattened in the hand 
in such a way as to make a curve that strengthens the pre- 
vious welding. 

The angle tiles or corners are moulded in the same manner, 
but in that case the plaster mould must be in two pieces (Fig. 
280), so that they can be taken out of the mould. 

The preceding manual operations may be simplified by 
using the machine made by M. Schlickeysen, shown in Fig. 
281. After having put a flat cake of body (A) into the mould, 


Fic, 280.—Moulding of Stove Tiles. 


as we have just said, and the shaped column (B), a chuck is 
lowered, that has the shape of the interior hollow of the tile; 
then, by means of two lateral screws, a pressure is exerted 
in such a way as to weld the whole. It has been tried, but 
up to the present without success, to mould the tiles direct 
in the press without. a rough form first. 

The drying ought to be done very slowly, but on account 
of the unsymmetrical shape of the tile the surface has always 
a tendency to bulge. So, when the body is dried, it is neces- 
sary to straighten it by striking it on a marble slab. In some 
factories it is levelled on a millstone. For corner tiles two 
marble slabs, fixed together at right angles, are used. 

They are charged open, two tiles being put against each 
other, the faces that show being in contact. The burning does 
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not present any difficulties, but it is necessary to straighten 
the burnt pieces a second time. This operation is done on a 
large horizontal millstone, usually of cast iron, covered over with 
polishing sand, with the addition of water The tiles are placed 
face downwards on the millstone, turning them about from time 
to time by hand, or by using a little special arrangement for this 


purpose. 


Fic. 281.—Machine for Moulding Stove Tiles. 


The glaze is applied by pouring, and the burning is in 
muffle kilns, or, better still, in saggers, as we shall see further 
on. 

The composition of the glaze is that which has been already 
mentioned, yet at the present time in Germany enamels 
having a larger amount of alkali are used. The following 
are two results of the analyses of vitrified glazes, the former, 
the older one, being from the house of Fleiner, in Berlin, who 
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made a speciality of the sale of enamels for stove tiles, and 
the second being of recent manufacture :— 


Silica. . . . . . . 46°70 46°20 
Oxide of lead . . . . . . 26°75 82°12 
Oxide of tin . . . . . . 14°00 9-24 
Alumina . . . . . . 4°90 4°24 
Lime . . . . . . . 1°86 2°58 
Potash . . . . . . . 1°94 0°67 
Soda . . . . . . . 4°35 4°95 

100-00  100-00 

TE 





We do not know the mixtures which were used for making 
these glazes, but it seems that they are composed of lime- 
stone, sea salt, and a feldspathic sand, or quartzeous sand 
and feldspar. They correspond to the following formulas :— 


0°58PbO 

0:06CaO | 

0°10K20 Jen 8-48Si0? + 0‘79S5n0? 
0:31Na*O 

0.56PbO 
0°100a0 
0‘08K20 
0‘31Na20 


| sano 8:00Si0? + 0°46Sn0?. 


When the surface of the tiles has ornaments in relief, these are 
simply moulded by hollows in a plaster mould. The manufacture 
of these wares is relatively easier than that of joined tiles, because 
any warping in drying and burning is less apparent. 

The decoration of these tiles is usually done by means of 
coloured transparent glazes; the different colours being separated 
either by a black outline (cloisonné enamels), or by engraving in . 
the moulding deep outlines in the body, which reproduce the design 
and prevent the enamels from mixing together. 

The wares for stoves are made in faience works or in some 
special factories, 


3. So-called Silicious Faiences, with a Fusible Silicious Body. 


256. It seems that the first kinds of faience manufactured by 
the Egyptians, and later by the Persians, were pottery with an 
extremely silicious body, formed of sand, stuck together by a little 
alumina and fluxes: alkalies and lime. The glazes are alkaline— 
plumbous silicates, with brilliant colours. The two frescoes which, 
thanks to M. Dieulafoy, are now in the Louvre, and which adorned 
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the palace of the kings of Persia at Susa, are the most beautiful 
example of ancient Persian art. Similar faience has been found 
dating from much more recent times. Thus Brongniart gives the 
following compositions, the first of a paving tile from the Great 
Mosque at Jerusalem, and the second of a slab from the Tomb of 
Mahomet at Medina, built in a.p. 707 :— 


Silica. . . . . . . 87°16 89°95 
Alumina and oxide of iron . . . 5°50 8°87 
Lime . . . . . . . 8:00 2-00 
Magnesia . . . . . . 0°28 0°51 
Alkalies . . . *. . . . 1°20 8-00 
Carbonic acid . : . . . . 2°86 — 


We have seen, in the history of pottery, that there is no infor- 
mation on the potter’s art of the Persians, or of the Arabians, 
during the first centuries of our era, until the eleventh century, an 
epoch at which there began, in Spain, the celebrated manufacture of 
the Hispano-moresque pottery. But these are not of a silicious 
body ; it is an argillaceous calcareous one, and the alkaline enamels 
gave place to the stanniferous enamels. 

It was only towards the year 1850 that the composition of the 
ancient Persian faiences attracted the attention of potters, and that 
they attempted to find out the methods that had been employed. 

New analyses of the body have given the following composition :— 


Silica . . . . . . . . . 90:0 
Alumina . . . . . . . . . 8°0 
Alkalies . . . . . . . . . 6°5 
Loss and various substances . . . . . 0°5 

100-0 


The raw materials made use of are still unknown The very 
slight plasticity of this body must have made the moulding very 
difficult. Some people have suggested as their opinion, that they 
could not be a manufactured production, but must have been blocks 
of sandy stone cut out. It does not, however, seem that this 
explanation is the right one. Perhaps they added to the body some 
organic materials that gave it a certain softness, and then dis- 
appeared when they were burnt. 

However that may be, this body was covered in an unburnt state 
with a first glaze or rather a lustre, composed, according to Lind- 


horst, of 
40 ® 
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Silica 90:0 
Alumina . 1-0 
Oxide of iron . 0°5 
Alkalies . . . . . . . . . 8-0 
Waste and various substances . . . . 0°5 

100-0 


This lustre was doubtless intended to fill up the pores of the body. 
Then the whole must have been burnt at a rather high temperature 
(probably 1,200° C.) at which, by the action of the fluxes, the 
body would attain a certain hardness. The second glaze had, also 
according to Lindhorst, the following composition :— 


Silica . . . . . . . . . 60 
Oxide of lead . . . . . . . . 25 
Alkalies . . . . . . . . . 15 


corresponding to the formula :— 


0°32PbO 


e 102 
0-68Na*0 } a-sasion, 


or 
0°39PbO 
0‘61K?0 


} s-assion 

In 1861 Deck attempted to reproduce these Persian faiences, 
although with a decidedly different body, but one equally silicious 
and relatively fusible. He published in his work La Favence, 
the methods he used. We extract the following :— 


They begin by making a frit formed of— 


Fontainebleau sand . . . . . 86 
Potash . . . . . . . . . 7 
Soda . . . . . . . . . ° 8 
Chalk 5 
100 
am 
which is powdered dry. 
The composition of the body for the ware is :— 
White earth . . . . . . . . 24 
Meudon white . . . . . . . 24 
Flint . . . . . . A . . . 48 
Frit . . . . . . . . . . 4 
100 
=z 
and that for stove tiles and panels :— 
White fireclay . . . . . . . . 25 
Flint . . e . 
Frit 
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After being moulded and burnt, the body was covered over with 
a slip which for the first is composed of 


Frit . . A . . . . . . . 63 
White stanniferous enamel . . . . . 82 
White earth . . . . . . . . 5 
100 
L = 2 


It is to be regretted that the exact chemical composition of these 
mixtures is not known. Besides, Deck made the following remark : 
“ It is not absolutely necessary to add frit to the earth to prevent it 
cracking ; the silica and lime may be sufficient to hinder it, but the 
frit adds a great deal to the force of the colours; they appear less 
faded and the whole has a more powerful character. A slightly 
experienced eye will quickly perceive the superiority of the alkaline 
body over the non-alkaline.” We would observe that, in the bodies 
for pottery, the proportion of alkalies added by the frit is only 0‘4 
per cent., and in the body for tiles 15 per cent. The former is 
below the proportion of alkali in pure and in most fireproof clays. 
Under these conditions it is impossible, even for a potter as clever 
as Deck, to see any difference at all in the ware, the body of which 
contains a half or even one and a half per cent. more or less of 
alkalies. 

By reckoning the composition of Fontainebleau sand, of the 
probable one of the white fireclay, and by leaving out the small 
amount of oxide of iron, we might give the following composition 
to the two preceding bodies when burnt :— 


Body for Body for 

Pottery. iles. 
Silica. . . . - 12 toT4 86 to 87 
Alumina ° . . . dl , 12 95 ,, 10 
Lime . . . . . 14 , 15 1, 2 


Alkalies . . . . . 1'5,, 2 2 , 25 


As to the slips, they would be composed of 


Slip for Pottery. Slip for Tiles. 


Silica . . . . 72°0 to 78:0 72-0 to 79:0 
Alumina . . . . 18 ,, 2-0. 40 ,, 4:2 
Oxide of tin. . . 8°5 — 
Oxide of lead . . . 12-0 — 
Lime . . . . 20 to 2°2 -8°8 to 9:0 
Potash . . . . 46,, 48 60 ,, 62 


Soda . . . . 81 ,, 82 27 ,, 28 
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They correspond approximately to the formulas 


0:25PbO 
025640 | sono gi0# + 026550 
0°:25Na*O | 
and 
0-60Ca0 
0:25K20 
0°15Na?0O 


0-°15A190, 5Si0?, 





The total shrinkage of the former body, by drying as well as in 
burning, would be about 6 per cent., and that of the second only 
2 per cent. 

The glaze is an alkaline-plumbous silicate, the composition 
of which is as follows :— 


Sand . . . . . . . . . 48 to 50 
Red lead . . . . . . . . 80 
Potash . . . . . . . . 12 
Soda . . . . . . . . . 8 to 10 


The chemical formula is approximately 

0‘38PbO 

0°33K20 | aioe 

0°33Na70 
The mixture is melted, then powdered dry by preference; the 
powder does not need to be impalpable. The temperature for 
burning it varies between 1,000° and 1,200° C. 


Lastly, these are the compositions of some of the colours set 
down by Deck :— 


Flux. 

Silica . . . . . . . . . . 70 
Red lead . . . . . . . . . 5 
Potash . . . . . . . . . 15 
Soda . . . . . . . . . . 10 

100 

— 

Turquoise Blue. 

Flux . . . . . . . . . . 47 
Red lead . . . . . . . . . 6 
Oxide of copper . . . . . . . . 47 

100 


Dark Blue. 
Flux . 50 
Red lead . . . . . . . . 20 
Oxide of cobalt . . . . . . . . 80 
100 
— 
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Green. 


Silica . 

Alumina 

Flux . 

Red lead 

Oxide of antimony 
Oxide of copper . 
Oxide of iron 
Chromate of iron 


Light Yellow. 


Calcine 


Red lead . 
Antimony . 
Ammonia . 


Dark Yellow. 


Silica 

Alumina 

Calcine 

Red lead 

Litharge 

Oxide of antimony 
Oxide of iron 
Oxide of zinc 


Rose. 
Silica . . 
Carbonate of lim 
Stannic acid 
Borax . . 
Bichromate of potash 
Alumina . 


Red. 


Red lead 
Thiviers stoneware 


Red Brown. 


Red lead 
Calcined Armenian bole 


Dark Brown. 


Oxide of zinc 
Sulphate of iron 
Chromate of iron 
Oxide of magnesia 


629 
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Black. 
Silica . . . . . . . . . 30 
Alumina . . . . . . . . . 6 
Red lead . . . . . . . . . 44 
Oxide of antimony . . . . . . . 22 
Oxide of iron . . . . . . . 35 
Chromate of iron . . . . . . . 20 
Oxide of manganese . 40 
Oxide of cobalt . . . . . . . 7 
Oxide of copper . . . . . . . . 15 
219 
a 

White. 

Flux . . . . . . . . . . 20 
Stanniferous white enamel . . . . . 40 
White. 

Nevers sand . . . . . . . . 20 
Chalk . . . . . . . . . 10 
Powder porcelain body  . . . . . . 80 


This mixture is diluted in a silicate of potash at 33°C. The colours 
having been mixed, on the slab or with a palette knife, with a 
little gum arabic, are put on with a brush in successive tones for 
the modelling. 

The decoration with coloured glazes is done by making the 
cells, with a black outline ‘04 to “06 of an inch thick, made 
of a mixture of the body, some flux and some black colour. As 
for the transparent enamels, these are some of the compositions :— 


Flux. 
Silica . . . . . . . . 45 to 50 
Red lead . . . . . . . . 80 to 35 
Potash . . . . . . . . 12 
Soda . . . . . . . . 12 


Turquoise Blue. 


Flux . . . . . . . . . 23 
Oxide of copper . . . . . . 7 
Blue. 
Flux . . . . . . . . . 95 
Silica . . . . . . . . . 43 
Oxide of cobalt . . . . . . . 0:7 
Green. 
Silica . . . . . . . . . 80 to 35 
Borax . . . . . . . . . 5 
Red lead . . . . . . . . 55 
Potash . . . . . . . . 5 to 10 


Oxide of copper . . . . . . . 4 
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Yellow Brown. 
Flux . 44 
Silica . 20 
Red lead 25 
Oxide of iron 8 
Oxide of magnesia 3 
Grenat. 
Flux . 82 
Soda . . . 5 
Nitrate of soda . 5 
Oxide of antimony 2 
Oxide of magnesia 6 
Deep Violet. 
Flux . . . . . . . . . 92-4 
Oxide of magnesia. . . . . . 70 
Oxide of cobalt . . . . . . . 0-6 
Ivory Black. 
Flux . . . . . . . . 52 
Silica . . . . . . . . . 20 
Red lead . . . . . . . . 25 
Oxide ofiron . . . . . . . 8 


All these enamels are melted and then powdered. 

The relatively tender body of the silicious faiences is not 
resistant enough to be used for domestic purposes, but is 
admirably suitable for artistic wares, the moulding of which 
does not need a plastic body, and the decoration of which 
consists chiefly in the incomparable brightness of the colours. 


4. So-called Pipeclay Faiences, with a slightly Fusible 
Argillaceous Calcareous Body. 


257. The so-called pipeclay faiences are characterised by 
a body that is almost white and hard, formed by the mixture 
of fireclay that is as little ferruginous as possible, flint, and 
carbonate of lime. A part of the calcareous flux is sometimes 
replaced by an alkaline flux. 

This body, when slightly burnt, looks like that used for 
making tobacco pipes, hence its name. But it differs from 
that by a larger amount of silica, and by being burnt at a 
higher temperature (1,200° C). 

It is the fireclay that serves as a base for the composition 
of the body. More or less silica is added to it, according to 
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the degree of plasticity it has, this silica being in the form 
of sand for ordinary productions, and in the form of calcined 
flint (Art. 63) for fine goods. Sometimes also a grog of 
the burnt body is made use of, but only in small proportion. 
The lime is added to it in the form of marl, the relative 
plasticity of which is added to that of the clay, and more 
thinning material is required, either in the form of chalk, which 
lessens the plasticity, although in a less degree than silica 
does. The alkaline flux is introduced in the form of feldspar; 
it is usually as thinning a material as flint. 

We can, in a very general way, characterise the composi- 
tion of the body by the following mixture in theory :— 


Pureclay . 80 
Silica . , 50 
Carbonate of lime 20 

100 

Ce 

which gives when burnt a body formed of 

Silica . . . . . . . . . . 72*6 
Alumina . . . . . . . . . 152 
Lime . . . . . . . . . . 122 


The following, by way of example, are the different ways 
of obtaining bodies of this class :— 


Plastic firecla 40 40 40 
Flint. . 40 85 85 
Cement. — 5 5 
Chalk 20 20 16 
Feldspar — — 4 
100 100 100 

— _ — 

Thin fireclay 60 60 
Flint . 20 20 
Chalk 20 16 
Feldspar — 4 
100 100 

Plastic fireclay . . . . . . ae 25 
Flint . . . . . . . . . . 42 
Cement. . . . . . . . . 5 
Plastic marl , 28 
100 


Sometimes a certain proportion of kaolin is added to the 
body, which, as it contains less iron than clay does, has the 
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effect of whitening the mass. In that case we must naturally 
take account of the fluxes that it may contain. Here is the 
composition of a somewhat complex body which carries out 
this idea :— 


Plastic fireclay . . . . . . . . 15 
Thin fireclay  . . . . . . . . 45 
Alkaline kaolin . . . . . . . 5 
Flint . . . . . . . . . . 20 
Chalk. 10 
Feldspar 5 

100 


The glazes formerly used were very tender alkaline plum- 
biferous silicates, as the following composition shows, as set 
down by Bastenaire :— 


Quartzeous sand ‘ . . . . . . 36 
Red lead . . . . . . . . . 45 
Carbonate of soda in solution at 80° C. . . . 17 
Nitrate of potash . . . . . . . 2 


or it may be approximately :— 


Silica . . . . . . . . . . 404 
Oxide of lead . . . . . . . . 49°0 
Soda . . . . . . . . . . 96 
Potash . . . . . . . . . 10 

100-0 


corresponding to the formula 


0°57PbO 

0:08K20 fasion 

0:40Na*O 
Since then, in preference, the alkaline plumbiferous boracic glazes 
have been employed, especially for pottery before it is deco- 
rated. 

The following, by way of examples, are five compositions for 

glazes of this kind given by Prôssel :— 


Frit. 
Feldspar . . . . 41°55 = 85 16 80 24 
Sand . . . . 18°3 18 29 22 80 
Red Lead . . . . 18°5 16 — — — 
Borax . . . . 165 22 29 80 85 
Kaolin . . . . 27 8 10 8°5 6 
Potash . . . . 1:0 — — 4°5 8 
Chalk . . . . 6°5 6 15 11 12 
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Glace. 
Frit. . . . . 90 82 58 65 65 
White lead .. . 9 8 26 94 18 
Sand . . . . — — — — 11 
Feldspar . . . . — 10 16 11 11 


The frit having been prepared, it is mixed, in the proportions 
indicated above, with the white lead, sand or feldspar, and the 
whole powdered. By using Norwegian feldspar, these glazes 
have approximately the following compositions :— 


Silica . . . 43°4 47°8 44:8 42°9 58:1 
Boracic acid . . 6:0 7-2 7:1 8-1 9°6 
Alumina . . . 9-2 9-4 8°8 8:0 7'4 
"Oxide of lead . . 27°6 22-6 26-2 23-6 13-1 
Lime . . . 8°9 3:8 6:1 5:0 5°5 
Potash . . . 7'4 66 4:0 9-0 7-2 
Soda . . . 2°5 8°1 8-0 8°4 41 


Lastly, they can be represented by the formulas 


0:89PbO f 
0-21Ca0 2-268i02 
o-27K10 [02840 5.26B0: 
0:13Na70 | 
0:85PbO 

0:21Ca0 | . 2-77S9i02 
0-27K20 [0°8241"0") o.s6R03 
0:17Na*O . 
0-87PbO 

0-34Ca0 9-88Si0? 
o14R:0 [03040 G.35B0s 
0‘15Na?0 

0-80PbO 

025080 |. _} 2:01Si0# 
0-29K30 (0°224170*% o.49R03 
0'16Na20 


0‘28K*0 0-45B0* 


0-19PbO 

0-820 2-888i0? 
20 to -20A1,0° 
0°21Na?0 


For the purpose of hiding the slightly yellowish tinge of the body, 
from a half to one thousandth part of oxide of cobalt is added 
to the glaze. | 

The pipeclay has been manufactured especially in the north- 
east of France and the west of Germany. We have just seen 
that the composition of the body, which was originally purely 
argillaceous-calcareous, has been modified little by little by the 
introduction of feldspar and kaolin. In the same way the 
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alkaline-plumbiferous glaze has become boracic and alkaline- 
earthy. They have gradually become in some degree similar 
to the feldspathic faiences, which, at the present time, are more 
generally used. Nevertheless for cheap ware pipeclay can still 
be of service. As to the methods of manufacture, they are the 
same as those employed for feldspathic faiences, which will be 
discussed further on. 


5. Favences called Pebble Work, with a Fireproof Argillaceous 
Silicious Body. 


258. The body for the kind of faience called pebble work is 
almost white, hard and fireproof. It is formed by the addition 
of a certain proportion of flint to a white fireclay that is as little 
ferruginous as possible. The flint is obtained by burning and 
powdering pebble (page 73), whence its name of pebble work. 
The proportion of flint mixed with it depends naturally on the 
plasticity of the clay; it varies from 10 per cent. to 30 per 
cent. 

At the present time, in order to give a whiteness to the body, 
it is preferable to replace a part of the clay and flint by a silicious 
kaolin. The composition of these mixtures is too variable to 
be able to give in this connection even approximate tables. 

The glaze is plumbiferous, alkaline or alkaline-earthy and 
boracic, of a composition similar to that for pipeclays Harder 
glazes can also be made use of, like those employed for feld- 
spathic faiences, of which we shall speak in the following article. 

Among the faiences of this kind are classed certain English 
wares, with a body coloured red by oxide of iron, obtained by 
Wedgwood ; this is done by using a ferruginous clay in the com- 
position of the body. 

Pebble work, which was very much in fashion at the end 
of the eighteenth century, is very little used at the present time. 
The body should be burnt at a high temperature, in consequence 
of the absence of flux, and it never acquires the hardness and 
shine of the feldspathic faiences, nor even of the pipeclay ones. 
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6. So-culled Feldspathic Farences, with a slightly Fusible 
Argillaceous Alkaline Body. | 


259. Composition.—The faiences called feldspathic have a 
white, or sometimes slightly yellowish, hard body, which, in some 
varieties, becomes very slightly translucent, thus approaching por- 
celain. At the present time it is formed by the mixture of plastic 
clay, kaolin, flint and feldspar, or pegmatite. The parts played 
by these different substances are the following: The plastic fire- 
proof clay, which is white and as little ferruginous as possible, 
naturally serves as a basis To it is added some kaolin, to 
whiten the body, because even the purest clays always have a 
yellowish tinge at a high temperature. The flint helps to open 
it and at the same time gives it whiteness and hardness. It 
can be replaced by pure sand, but only if that is first heated to 
make its density 22 to 23 and prevent its swelling after- 
wards, which would involve the splitting of the body while it 
was being burnt. Lastly, the feldspar or pegmatite serves as a 
thinning material and especially as a flux. 

The proportions in which these four substances can be mixed 
are variable; they depend not only on the variable composi- 
tions of the raw materials, but also on the quality of the body 
that is desired and on economical considerations. 

The English method of manufacturing it has served as a 
type of all the others, and the raw materials employed in 
England are still very often utilised, in whole or in part, in 
other countries. These materials are: Blue clay from Ware- 
ham and Corfe Castle (Dorsetshire), kaolin (China clay) from 
Cornwall, flint from the pebbles of the Thames and the Somme, 
and pegmatite (Cornish stone) from Cornwall. The following are 
some examples of the composition of the English bodies obtained 
with these materials :— | 


Blue clay . . . . . 47 43 31 24 21 18 
Kaolin . . . . . 24 24 86 27 28 43 
Flint . . . . . .- 22 23 21 36 38 24 
Pegmatite . . . . . 7 10 12 13 18 15 


In a general way there is a tendency to increase the pro- 
portion of kaolin to make the body whiter, and that of the 
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pegmatite to increase its fusibility, and consequently its hard- 
ness. 

It must be remarked that besides the modifications that 
may be made in the qualities of the bodies by varying the 
proportion of the four constituent elements, it can also be 
done by altering the temperature at which it is burnt. A 
more intense heat allows of less flux being used. In order 
to judge a priom of the quality of the body, we must not 
only know the composition of it, but also the temperature at 
which it was burnt. 

In the faience potteries which have been established in the 
different countries they have tried to replace the English raw 
materials -by those of their own countries. Thus, they have 
used in France the clays of the lower tertiary strata (Cessey 
in Seine-et-Marne, Monpothier in l’Aube, etc.), the kaolins of 
l'Allier, the flint from Dieppe, the feldspars or pegmatite from 
Haute-Vienne. In some cases an alkaline silicious kaolin may 
may in a more or less degree replace the flint and pegmatite. 

The following, according to Seger, are the compositions of 
five bodies for feldspathic faiences: (a) a body composed of 
clay of French extraction and feldspathic kaolin from Saint- 
Yrieix; (6) a body formed of French clay and kaolin, quartz- 
eous sand and Norwegian feldspar; (c) and (d) bodies made 
with Belgian clay, kaolin and pegmatite from Cornwall and 
flint from Dieppe, the first for fine ware, the second for com- 
mon ware; lastly (e) is a body of German origin. 


A B C D E 
Silica. . . . . 61-71 67°45 65:92 61:70 64°25 
Alumina . . . . 26-69 21-59 23°62 27-01 21°46 
Oxide of iron. . . . 1:14 0-59 0°59 0°61 0°54 
Lime . . . . . tr. — tr. 0°65 2°38 
Magnesia . . . . 0°06 0°51 0°22 0°25 tr. 
Potash . . . . . 1-30 1:92 1°48 1°32 1:97 
Soda . . . . . — 0°24 0°60 0°67 1:08 
Carbonic acid . — — — — 1°99 


Water and organic substances 9-24 7-28 7-24 8°11 6:12 








The glazes have a similar composition to those for pipeclay, 
but usually they are a little harder, that is to say, they contain 
more silica and alumina. This hardness is, however, compen- 
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sated for partly by a larger proportion of boracic acid The 


following, according to Prüssel, are the compositions of several 


of these glazes :— 


Pegmatite 
Sand 
Borax 


Boracic acid . 


Red lead 


Soda crystals . 


Kaolin 
Chalk 


Frit . 
White lead 
Pegmatite 
Feldspar 
Flint 
Chalk 


The composition of these vitrified glazes is 


following :— 


Silica 


Boracic acid . 


Alumina 


Oxide of lead 


Lime 
Potash . 
Soda 


Frit. 
— — 81 25 — 41 — 
85 28 17 10 26 24 82 
85 — 30 — — 32 — 
— 17 — 18°5 15 — 18 
— — — — 19 — — 
— 22 — 23°5 16 — 20 
12 15 11 8 11 8 13 
. 18 17 11 15 13 — 16 


58°4 49-8 56°7 45°4 
78 83 8°8 11°8 
9-1 10°7 11°4 10°9 
17°9 21:1 11'2 18°9 
6°2 5'5 5°83 6°4 
2:2 . 24 2-8 2-9 
84 2°7 8°8 3°7 


6 18°5 22 
— 11 18 
98 — _ 
— 11:5 — 


approximately the 


46-0 50°6 463 
46 8-1 11°4 
14°6 8°83 8°83 
21°4 19°0 22'8 
6°2 8:0 68 
4°4 2°6 1°5 
2°8 8-4 2-9 


Their chemical formulas may be represented as follows : — 


0-80PbO 

0-40Ca0 8-118i0: 
0:10K20 [93840 o.65B08 
0-20Na10 

0:36PbO 

0:388CaO fs 10Si0? 
0-11K20 [ 9'#0AF0° \° 77BO* 
0‘15Naî0 

0-21PbO 

0-40Ca0 8-988i02 
0:14K20 [94540 5.62B0: 
0-25Na?0 

0-29PbO 

0°39CaO 2°56Si0* 
0:12K29 [03540 576B0: 
0-20Na20 

0:32PbO 

0-87Ca0 2:598i08 
0:17K20 [O°S74P0% 6.22B05 
0-14Na*O 
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0-08K20 0:37BO5 


0-27PbO | 

047CaO 2-78Si02 
Re mo. 7381 
0°18Na?O0 


0°86PbO 

lomo ga 
0°16Na*O 

The composition of the bodies and the glazes for feldspathic 
faiences having thus been settled, we will now examine the pro- 
cesses of making them, these being the same for pipeclay and 
pebble work ones. 

260. Preparation of the Bodies.—The raw materials which 
enter into the preparation of the bodies ought first to be puri- 
fied or disaggregated. 

The clays are employed in faience works either in a natural 
state or else purified by being washed; this washing can be 
done in the pits or in the factory. It is necessary, as a general 
rule, to wash them, employing the methods described in Art. 
75. 

The kaolins are always washed, this operation usually taking 
place in the pits by the same methods. 

The flint ought first to be heated and powdered, operations 
that can be done either in the faience works or else in special 
works (see Art. 63). 

Lastly, the feldspar or pegmatite is broken up or powdered, 
chiefly in the faience works, sometimes also near the quarries. 
The different methods of grinding them have been described in 
Chapter IIT. 

The result is that in the preparation of the body, which is 
always done in a liquid state, it is necessary :— 

1. To dissolve the clay in water, at least when the washing 
of it is not done in the faience works, so that the liquid body 
can be directly made use of. 

2. To dissolve the kaolin. 

3. To reduce the flint to an impalpable powder and dilute it. 

4. To do the same with the feldspar. 

The methods used for this purpose have been described in 
Chapter IIL (Art. 92). It is sufficient to add that these four 
operations are usually done in diluting machines, mills with blocks 
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or separate Asling cylinders, specially used for each substance. 
(When there is any limestone in the composition of the body 
it is generally powdered and diluted at the same time as the 
flint.) The method is to put into each machine as nearly as 
possible a definite proportion by volume of the solid material 
and water, then, when the substance is entirely pulverised and 
completely diluted, the mixture is allowed to run out into four 
reservoirs. There it is noticed whether the consistency of the 
different liquids is the same as that shown a8 a type. We have 
seen that for this purpose the weight of a certain specified 
volume is taken, a pint or half pint of the liquid, for example ; 
direct experiments, on the other hand, having decided the pro- 
portion of solid matter which corresponds to the different den- 
sities. The diluting is nearly always done with a slight excess 
of water, so that while drawing off the liquid the proper 
consistency can be obtained. It is seldom that a thicker body, 
which is contained in a special reservoir, has to be used to 
correct it. 

We have seen that, in order for the mixing to be well done, 
it is necessary that the four liquids should be of about the same 
consistency, but then they are not of the same density. Here, 
by way of example, are the figures of an ancient English 


formula :— 
Ounces Grammes 
per Pint. per Litre. 
Plastic clay (blue clay) . . . 24 1,200 
Kaolin (China clay) . . . . 26 1,800 
Silica (flint) . . . . . . 82 1,600 
Pegmatite (Cornish stone) . . . 82 1,600 


The four liquids being thus of the required consistency, they are 
allowed to run into a single reservoir, in succession, there being 
a graduated vertical scale for introducing the definite quantities, 
measured by the level reached by the liquid on this gradation. 
Thus, by following out the preceding example, it would need 


Centimetres. 
Plastic clay . . . . . . . . 46 
Kaolin ‘ . . . . . . . . 22 
Flint . . . . . . . . . 16 
Pegmatite . . . . . . . . . 16 


The continuation of the preparation of the body is then carried 
on as we have said, by mixing up the liquid, by sifting it, once, 
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twice or even three times, through finer and finer sieves, running 
it off and making the body firmer by filter-presses The cakes 
of body thus obtained are put in cellars, and then kneaded be- 
fore being used in moulding. 

261. Moulding.—The body which is fairly plastic for feld- 
spathic faience is usually suitable for all the methods of moulding 
as they were described in Chapter IV. Specially, moulding by 


Fic. 282.—A Lathe for Making batts. 


hand in plaster moulds is used for all pieces that cannot be 
turned ; moulding on the wheel is generally used for making 
all round objects for domestic purposes; lastly, moulding in a 
press is employed for making paving tile, As these last two 
methods are of special importance in faience potteries, it would 
be wise to enter into more details on the subject of them. 
In moulding on a dish, flat or shaped pieces are distinguished 


(plates, saucers, bowls, etc, in a word flat ware) from the higher 
. 4 
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goods or those contracted at the upper part, that is to say, 
hollow ware. Flat ware is made by two operations: throwing 
for making the batts for it, and an after moulding on the 
Jigger. 

For large objects and more careful ones, the throwing is done 
on the head of the wheel, the principle of which was shown 
in Fig. 96 (page 217). The templet may be worked by hand 
or automatically, as shown in Fig. 282, that represents a machine 
of this kind made by Mr. Boulton. The machine having been 


Fia. 283.—Wheel for Moulding Flat Ware. 


stopped, they place, on a slab over the wheel head, a ball of clay, 
then start the machine. The templet descends, makes the shape, 
then rises again and the machine unloads itself automatically. 

The slab is then placed on a plaster mould having the profile 
of the interior of the ware (Fig. 98), and a templet is lowered 
by hand, which shapes the body and gives it the outside form. 
Fig. 283 shows a machine of this kind made by Mr. Wenger. 
In some cases the two preceding machines are placed side by 
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side, in such a.way as to be able to be worked by one moulder. 
An arrangement of this description, shown in Fig. 284, and 
made by Mr. Boulton, allows of 500 pieces an hour being 
manufactured. 

Lastly, the slabs can also be made on leather discs, stretched 
over a ring that is placed on the bed-plate of the machine 
(Fig. 284), These discs are afterwards carried away with the 
shape and turned over on to the mould In this case the 
machine shown in Fig. 285 is used, in which there are four 


Fic. 284.—Whoel for Making the Shapes and for Moulding them. 


moulds placed on a carriage. Two of these moulds are centred 
on the bed-plates of two twin wheels, the templets for which 
are moved automatically, while a workman takes away the 
manufactured objects from the other two and replaces them by 
slabs When the moulding is finished, the moulder pushes 
the carriage towards the left, a movement which allows of the 
finished pieces being taken away and new slabs being placed, 
while the fashioning of the two new slabs goes on. A machine 
of this kind allows of the fashioning of 5 to 600 pieces an 
hour. 
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For making hollow goods, when the objects are not too large, 
belt making can be left out. Then the arrangement described 


Fic. 285.—Double Wheel, for Moulding Flat Articles. 


on page 219 (Fig. 100) is made use of. Fig. 286 represents 
an automatic machine of this kind made by Mr. Boulton, in 


Fra. 286.—Jolley for Moulding Cups, Bowls, eto. 


which 500 objects an hour can be turned out, The motion is 
continuous. As soon as one object is made and the templet 


FAIENCES. 645 


raised, the mould is replaced by another containing some body. 
For wares of large size it is necessary to throw it first or make 
a shape of them. The see-saw motion of the templets, which is 
the usual one, is, in large ware, replaced by an up and down 
motion, the templet being fixed to a transverse beam, as shown 
in Fig. 95 (page 216) Fig. 287 shows a machine of the same 


Fic. 287.—Jolley for Moulding Large Hollow Pieces. 


kind for very large objects. If the latter have a narrow neck, 
then the arrangement described on page 219 (Fig. 100) is used. 

Paving tiles are very often manufactured in a press of firm 
or even dry body. In that case the preparation is done as has 
already been described; then, when it comes out of the filter 
press, the cake of body is dried either in the open air, or on 
heated surfaces, or else in hot air drying places. 

The dry body is then broken up coarsely by hand, and put into 
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a kneading machine, adding to it, when necessary, the quantity 
of water needed to make it suitably moist When it comes out 
of the kneading machine it falls into a pulveriser by centri- 
fugal force, which reduces it to a powder. These two operations 
may be done simultaneously in the machine shown in Fig. 
288, which, according to the pattern, can produce from 6 ewt. 
to 2 tons an hour, at an expenditure of 4 to 5 horse-power. 


Fic. 288.—A Pulverising Machine. 


The powder is afterwards put into a metallic mould and 
pressed by means of a machine with a fly wheel. Fig. 289 
shows a press of this description, made by Mr. Boulton, in which 
the emptying the mould is done by means of the lower part of 
the mould being raised with the help of a lever or a pedal. 
These presses are made in several patterns, according to the 
dimensions of the paving tiles The following are some of 
the results of their production. 
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Production 

per hour, 

Press moulding one paving tile 197in, . , . 250 to 820 
” two paving tiles 197 ,, . . . 800 ,, 400 

» one paving tile 898 , . . « 150 ,, 200 

» two paving tiles 8-98 ,,. . . 250 ,, 800 

» one paving tile 590 ,, . . . 120 ,, 140 

» » T8T , . . . 100,, 120 

” ” 1181, . . . 40, 60 


For large quantities friction presses worked by an engine 
must be made use of, of the kinds that were mentioned when 
speaking of making tiles (page 227, Fig. 107, and page 522, 
Fig. 257). 


Fic, 289.—Press for Moulding Paving Tiles. 


The manufacture on a turning lathe, as also that by casting, 
which are sometimes employed in faience potteries, will be 
mentioned in the chapter devoted to the manufacture of por- 
celain, in which they are much more used. 

262. Drying.—When the goods have been made in plaster 
moulds, they are left to dry in these moulds until they can be 
raised, so as to pile them up and put them to dry. The moulds 
containing the moulded body are placed on stages arranged in 
the moulding shops. In some cases drying sheds heated by hot 
air, or by means of steam pipes, are made use of. In Chapter V., 
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Fia. 290.—A Kiln for Earthenware. 





FAIENCES. 


Fic. 291.—A Kiln for Earthenware. 


649 





650 TREATISE ON CERAMIC INDUSTRIES. 


pages 261, 262 (Figs. 123 and 124), were described the arrange- 
ments of revolving dryers which are generally used in that case. 

Artificial drying is indispensable in the moulding shops 
where wheels worked by machine are employed. Their large 
output would involve a vast increase of drying places in the 
open air, which would be incompatible with the economical use 
of the motive power and of hand work. On the other hand, 
as during bad weather the drying can only be done by means 
of a fairly intense heat, and as in places where people are a 
sufficiently active ventilation cannot be obtained, the result is 
that the atmosphere of the workrooms would be charged with 
steam, and would act in an injurious manner on the health of 
the workpeople. 

Lastly, the drying of the plaster moulds is only very slow 
in the open air, and it is better, in order to increase the pro- 
duction, to hasten the drying of them by an artificial process. 

263. Burning. 
kilns with ascending flames were used, surrounded by a cupola 
(hovel) ending in a chimney (Fig. 290). The cupola was for the 
double purpose of ensuring a draught and of isolating the kiln 
from the workrooms, or, when placed outside the buildings, to 
protect it from the weather. This arrangement is still very much 





For a long time for burning earthenware round 


used, especially in England. 

At the present time they prefer round kilns with descending 
flames, the draught being caused by means of a chimney apart, 
which may be a common one for several kilns. Fig. 291 repre- 
sents a kiln of this kind. The furnaces, to the number of from 
six to ten, communicate with a central opening for the fire. 
The gases are carried off by a series of openings arranged con- 
centrically in the lower hearth, which communicate with a 
circular receiver, that is itself united by several channels with 
a central passage for the smoke, into which opens the channel 
leading to the chimney. The diameter of these kilns varies 
from 114 ft. to 192 ft., and the height from 13} ft. to 23 ft 
The medium size ones are these that give the best results The 
slow firing usually lasts from six to eight hours, and the hard 
firing from sixteen to twenty-four hours. The consumption of 
fuel, which varies a good deal in the different potteries, may 
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be reckoned at from 5°62 Ib. to 6:25 Ib. per cubic foot of the 
capacity of the kiln. It is very advisable to lose as little space 
as possible in charging, because the quantity of fuel consumed 
remains of course the same, whatever may be the weight of the 
goods put in. 

By way of very general directions, we may represent as 
follows the thermic balance-sheet of a kiln of this descrip- 


tion :— 
Heat produced by combustion . 100 | Heat theoretically necessary. . 17 
. Heat lost in charging . 34 
Heat lost by the heating of the 
walls . . 10 


Heat lost through the chimney . 25 
Heat lost by an incomplete com- 
bustion . . . . . 4 


100 100 


For burning faience the kilns with continuous firing have 
also been employed, heated by gas, with several burning spaces. 
We cannot say that the results obtained up to the present 
time are very satisfactory. Yet we believe that this question 
will be solved at some future time, either sooner or later. 
We should not, however, exaggerate, as has been done some- 
times, the importance of the economy in fuel which has been 
attained by this means. In regard to the foregoing balance- 
sheet one could collect again about 30 per cent. of the heat 
produced by combustion, and, on the other side, could reduce to 
5 per cent. or 10 per cent. the loss through the chimney ; but, 
on the other hand, the losses due to heating the walls and by 
radiation would be increased, and it would be necessary to add 
to them the loss due to generating the gas We think, then, 
that an economy of fuel of 20 per cent., or, at most, of 30 per 
cent., would be all that could be attained It is true that the 
workman’s labour of charging would also be noticeably reduced. 
We shall find in the following chapter (page 677) other direc- 
tions as to this kind of kiln with continuous firing. 

We know that faience needs two heatings, the first at a 
temperature of about 1,200° C. for burning the body, and the second 
between 1,000° and 1,100° C. for vitrifying the glaze. These two 
heatings are usually done in succession in the same kilns, the 
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latter using only 5:00 Ib. to 6-25 lb. per cubic foot of the charge; 
but, as we shall see in the following article, the quantity of ware 
that it is possible to charge at one time being smaller, the ex- 
penditure of fuel is really the same, or even rather greater for 
burning the glaze. 

264. Setting and Placing in Saggers.—The charging is 
always done in saggers, these being piled on one another, leav- 
ing a certain space between the last sagger and the dome. 
These piles of saggers are arranged concentrically, the outer row 
being placed at a certain distance from the wall (3 to 6 inches). 


Fic. 292.—Methods of Filling the Saggers. 


The piles which compose it are put against one another in 
such a manner as to guide the flames towards the dome. The 
inside piles are also close together, but to allow of the circula- 
tion of the gases on the hearth, the first sagger at the bottom 
is placed on a pedestal formed of firebricks. 

As saggers of different sizes have to be used, they try, by 
arranging the smaller ones in the places left between the 
larger ones, to fill the kiln as full as possible. This method of 
charging is the one suitable for kilns with descending flames ; 
for those with ascending flames it is necessary to separate the 
piles, supporting them against each other by means of little 
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pieces of fireclay put against the saggers The filling of the 
saggers with dry bodies does not, as a general rule, offer any 
difficulty, because, in the interior of the same sagger, they can 
be piled up, that is to say, they can be put into the sagger in 
a heap. All the art consists in placing the greatest possible 
number of objects. For pieces like plates, which have a diameter 
nearly equal to that of the sagger, which does not allow them 
to be put into the sagger by hand, the method shown in Fig. 
292 is employed: on a round block of wood, placed on a table : 
in the middle of a sagger, is arranged a piece of fireclay, on 
which are piled up ten to twelve plates, then by raising the 
sagger, the operation of filling the sagger is completed. It is 
sufficient not to load the lower pieces too much, which might 
cause them to break. 

The filling of the saggers for burning the glaze is much 


Fie. 298.—Method of Filling the Sagger. 


more difficult, because in that case, the glaze prevents the 
piling up of the ware. Different methods are resorted to, 
which consist, in theory, of placing the ware, when made very 
solid by a previous burning, on small fireclay supports, leav- 
ing only a point or a small part in contact with the piece. 

The following are some examples of the most usual arrange- 
ments :— 

Fig. 293 shows a section of a sagger, into the walls of 
which are embedded small triangular pieces called head-pins, 
which serve to support the pieces. For this purpose the saggers 
are pierced with triangular holes, which, when the head-pins are 
put in, are filled up by means of a little fireclay. Contrary to 
what is shown in the drawing, these head-pins are not placed 
along a vertical line, but following the line of a helix, so as 
not to weaken the sagger too much. 
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Instead of piercing holes in the saggers, supports called 
bowl pins can be placed along the walls, as shown in Fig. 294, 
which are approximately of the shape of truncated or triangular 
pyramids, and which are piled up on one another. 

Following out the same idea, thimbles can be used, that is 
to say, small hollow truncated cone-shaped pieces, fitting into 


Fic. 294.—Method of Filling the Sagger. 


one another and having a small triangular projection, on which 
are placed the plates or tiles,.as shown in Fig. 295. In order 
to keep this scaffolding up, at the lower part is put a ring bear- 
ing three thimbles fastened to it, and at the upper part a similar 
ring with three projections, fitting into the upper thimbles and 
keeping up the whole. 


Fic. 295.—Method of Filling a Sagger. 


In the preceding methods of saggering the pieces lean on 
the saggers or on the supports. They can also be made to rest 
on one another by separating them by little triangular pieces 
having three lower points and one upper one, called by the 
name of cock-spurs (Fig. 296). In the same way for that pur- 
pose pins that are not let into the walls can be used. Lastly, 
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in some cases the pieces, especially plates, can be placed upright 
in rectangular saggers, kept up at the bottom by triangular 
saddles and at the top by a series of thimbles This arrange- 
ment is shown in Fig. 297. 

We could multiply examples, because the methods used de- 
pend entirely on the shape of the ware, and can be infinitely 


Fi. 296.—Method of Filling the Sagger. 


varied in details. The foregoing ones will suffice to show the 
principles on which the saggering of faience is based. All these 
supports for burning or stilts have been given a series of names 
which the shape of them has suggested to the fancy of the 
workmen ; simple pins, cut off ones or with a top, simple or double 
spurs, stilts with three or six points, thimbles, butterflies, easels, 
ete, ete. 


Fro, 297.—Method of Filling the Sagger. 


These sundries, made of fireclay, are stamped out of firm body 
by means of small lever presses worked by hand. A machine 
of this kind is shown in Fig. 108 (page 228). It is usually best 
ts buy them of special makers. 

265. Decoration.—All the methods of decoration which were 
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described in Chapter VIII. can naturally be used for faience. 
We will only repeat those which are most frequently used. 

The bodies are seldom coloured on purpose, but they are so 
too often in nature, by the small quantity of oxide of iron that 
clay always contains. However, they have often imparted to 
them an ivory tone that is very agreeable. 

The coloured slips are sometimes used for making back- 
grounds, they are then generally put on with a brush to the 
unburnt body. The bands or borders on plates are easily done 
by making the ware turn round on a wheel in front of a brush 
that is kept in one position. The slips are manufactured by add- 
ing colouring matter (Art. 189) to the body. As the propor- 
tions of the colouring materials that must be added are usually 
somewhat large, the composition of the body must be modified so 
that the shrinkage may be the same. For this purpose an addi- 
tion may be made either of plastic clay or of flint, correcting the 
diminution of the fusibility by a little feldspar. The composi- 
tion of these slips varies thus with that of the bodies, and it is 
impossible to give more exact details on this subject. 

The under glaze colouring is the method of decoration that 
is most used, especially for table ware. At the present time 
decoration by printing is almost exclusively made use of (Art. 
191), the painting with a brush being only used for making 
bands, backgrounds, or to lighten the designs obtained by mono- 
chrome printing. 

The following are some examples of the composition of the 


most usual colours :— 


Blacks. 
Oxide of iron . . . . . . . . 44 
Oxide of lime . . . . . . . . 44 
Oxide of manganese . . . . . . . 10 
Oxide of cobalt . . . . . . . . 2 


(This mixture is burnt, then washed.) 


Sulphate of iron . . . . . . . 56 
Bichromate of potash . . . . . . 28 
Oxide of manganese . . . . . . 10 
Oxide of cobalt . . . . . . . . 6 


(The first two substances are heated together, the others are added to 
them, then heated afresh and washed.) 
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Blues. 


657 


(Oxide of cobalt, in proportion varying with the depth of colour, mixed 
with a little flint and carbonate of lime.) 


Precipitated oxide of alumina . 


Nitrate of potash 
Oxide of cobalt . 


(Well wash the alumina, mix together and heat.) 


Ammoniaca! alum 


Oxide of zinc 
Oxide of cobalt 


Flint . 

Borax . 

Oxide of zinc 
Oxide of chrome 


Oxide of cobalt . 


Flint . 
Borax. 


Carbonate of lime 


Oxide of chrome 


(Heat and wash.) 


Bluish Green. 


(Frit them.) 


Greens. 


70 
10 
20 


80 
12 
8 


18 
1 
20 


(Melt a part of the flint with the borax, complete the mixture and heat 


it again.) 
Flint . 
Borax. 
Oxide of zinc 
Oxide of chrome 


Oxide of cobalt . 


Oxide of lead 
Oxide of tin 


Oxide of antimony . . . . . 
(First calcine and then mix the oxide of antimony.) 


(Frit them.) 


Yellows. 


17 
66 
17 


(For the deepest ground and orange, oxide of iron is added.) 


Oxide of lead 
Oxide of tin 


Oxide of antimony 


Oxide of iron 


Oxide of zinc 


Carbonate of lime 


Flint . 


Bichromate of potash 


Borax . 


(The same as above.) 


Red. 


49 


41 
21 
28 
10 


25 


©œ 
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(The following fluxes are added when heated.) 


Red . . . . . . . . . . 70 
Feldspar . . . . . . . . . 10 
Borax . . . . . . . . . 16 
White lead . . . 4 


(Then it is heated again at a low temperature.) 


Browns, 
Sulphate of iron . . . . . . . 88 
Oxide of zinc . . . . . . . . 88 
Bichromate of potash . . . . . . 24 
(Heat and wash them.) 

Chromate of iron 50 
Oxide of manganese . 50 
Violet (unique). 

Oxide of tin . . . . . . . . 100 
Boracic acid . . . . . . . . 10 

Oxide of cobalt . . . . . . . 
Bichromate of lead . . . . . 1°5 


(Heat them and add 20 per cent. of white lead. For the dark tones 
add oxide of cobalt.) 


For decorating by printing these powder colours are added to 
the printing ink; when put on with a brush gum tragacanth or 
glycerine is added to them. 

The colourless glazes, the composition of which has already 
been given, are nearly always applied by immersion for table ware. 
It is tinted sometimes with a little oxide of cobalt when they 
wish to neutralise the yellowish colour of the body. 

Coloured glazes are often used also for decorative objects. 
They are composed of a colourless glaze, with the addition of 
colouring oxides, and sometimes with a certain proportion of 
oxide of lead, which increases the brilliancy of the colours, but 
‘easily makes them run. The colouring oxides are mixed in the 
proportion of 3 to 12 per cent. according to the shade wanted 
and the coloring power of them.  Colourless glaze can also 
have the preceding under glaze colours mixed with it. 

Faiences when done with under glaze decoration, or with 
coloured glazes, are burnt in saggers in ordinary kilns. 

Lastly, over glaze colouring can be used for them by means 
of vitrifiable colours, which are burnt in muffles This method, 
less employed for faiences than for porcelain, will be mentioned 
in Chapter XIII. (Art. 294). 


FAIENCES. | 659 


266, General Arrangements of Faience Works.—The manu- 
facture of faience is at the present time concentrated in a rela- 
tively small number of large works In England nearly all 
the faience works are situated in the north of Staffordshire, 
round the towns of Hanley and Stoke-on-Trent. The clay is 
found on the spot as well as the coal. Kaolin and pegmatite, 
which come from Cornwall, are brought by sea. It is the same 
with the flint, which is burnt and ground at Runcorn and 
Newcastle-on-Tyne. The port for Staffordshire is Liverpool, the 
powerful commercial movement of which has helped a great deal 
towards the exportation of English faience. 

France, Germany, Belgium, and Austria also possess important 
faience works doing an export trade. In other countries where 
there are some factories the sale is purely local. 

The reasons that dictated the placing of these faience works 
are complex. Mostly they are found near the beds of plastic 
clay, and as near as possible to the coalfields At other times 
they are placed in localities particularly favourable for cheap 
transport. Lastly, sometimes they are put near the large centres 
of consumption. 

Faience works are composed of buildings in stories, on the 
ground-floor of which are the workshops for the preparation of 
the bodies, the manufacture of the saggers and the muffles The 
moulding and decorating are generally on the first and second 
floor. The kilns are either outside, or else, what is more con- 
venient, placed under a large closed shed which communicates 
with the other buildings. Other smaller sheds contain the sup- 
plies of raw materials and manufactured ware. Lastly, an 
important place is necessary for the accessories: forge, work- 
shop for repairing, pattern shop, warehouse, ete 


CHAPTER XII 


STONEWARE, 


SumMary.—Classification. 

Sec. 1. Stoneware properly so called: (a) Paving Tiles: Forms and Dimensions— 
Composition—Colouring—Methods of Manufacture—Manufacture in Plastic 
Body and in Dry Body—Inlaid Tiles—Tests for Paving Tiles. (b) Pipes: 
Forms and Dimensions—Composition—Moulding—Burning and Salting— 
Tests for Pipes. (c) Sanitary Ware. (d) Stoneware for Food Purposes and 
Chemical Productions. (e) Architectural Stoneware. (f) Vases, Statues and 
other Decorative Objects. 


Sec. 2. Fine Stoneware. 


267, Classification. —We have seen that stoneware (Fr. Grès)! 
is an opaque impermeable ware, with a coloured body, although 
it is often only slightly yellowish, greyish, or bluish It is 
dull or covered with glaze. The impermeability of the body dis- 
tinguishes it from terra cotta and faience ; its opaqueness makes 
it differ from porcelain. 

According to this definition, the distinctive characteristics 
of stoneware are impermeability and opaqueness. At first 
sight, these words denote two physical properties of the material, 
easily understood and closely defined. But, if it is desir- 
able to specify the terms by indicating the characteristics by 
which it can be recognised that a ware is impermeable or 
opaque, we remark that the question is not as simple as it 
looks, and that absolute properties are not present, but only 
relative properties, in which understanding plays a part. As 
regards the opaqueness, that will be discussed when speaking 


1This name has been given to them in consequence of their colour, which 
is generally of a blue grey, similar to that of some natural stones. From the 
High German griez, German gries, gravel Brongniart added to the word grés 
the adjective cérame, to prevent confusion. That not being possible in a work 
devoted to pottery, we have not thought it necessary to use it. 
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of the classification of porcelain; we need now only define what 
is meant by impermeability. Absolute impermeability exists in 
bodies in which the material exactly fills the volume occupied. 
Such are, for example, metals and glasses that have no defects. 
In that sense, this absolute impermeability does not exist in pottery. 
In all ceramic productions, even when completely vitrified, the den- 
sity measured in powder finely ground is higher than that observed 
in broken pieces. The difference shows the proportion of the empty 
spaces. If we wish to measure the permeability of a body by the 
weight of the liquid that can be incorporated in it, we easily see 
that this depends entirely on the conditions of the experiments. 
Porcelain and stoneware when perfect can often, when in the 
form of pieces, be plunged indefinitely into water without in- 
creasing in weight; but that would not be so if, by more 
powerful mechanical means, one could fill with water the pores 
that they contain; for example, by submitting them several 
times and alternately, in the vacuum of a pneumatic machine 
and to a considerable pressure of water. In working by 
simply immersing it in water, at the .pressure of the atmo- 
sphere, we may remark that wares which do not show any 
noticeable increase in weight at the end of some hours, do 
show it, however, after several months. This fact is found 
even with wares decidedly porous which increase indefinitely 
in weight, that the increase naturally becomes always more and 
more feeble. The weight of water absorbed has a tendency to 
correspond with the volume of the spaces, measured by the 
difference in the densities of the powder and the broken pieces, 
but without ever attaining that limit. 

We see then that the impermeability of pottery is always 
relative, that it depends upon the conditions and length of the 
experiment. Besides, if we operate on a continuous series of 
wares, passing insensibly from terra cottas and faiences to 
stoneware and porcelain, the proportion of water absorbed di- 
minishes more and more, then is annulled, but without it being 
possible, at any moment whatever, to trace the limit between 
permeable and impermeable ware. We may imagine, however, 
that in certain cases, for the application of the Custom House 
duties for example, they have tried to fix a maximum amount 
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of water that can be absorbed by a ware, under definite cir- 
cumstances, so as to distinguish the stoneware from terra cotta. 
Thus we have the advantage of possessing a precise method of 
taking the first that comes to hand, but this method can only 
have a relative value from a ceramic point of view. From 
that point, it is convenient to reckon as stoneware all pottery 
that is opaque, the body of which is vitrified, thus becoming 
almost impermeable, before it gets out of shape. It happens 
somewhat frequently that wares made with the bodies suit- 
able for stoneware are still too permeable to be able to be 
reckoned commercially as stoneware, because the burning has 
not been carried to a high enough temperature, but, ceramically, 
they are none the less stoneware bodies. It also happens, on 
the other hand, that, since stoneware has become the fashion, 
this name has been given to wares that are not so, but which, 
by their uses, are almost suitable for the same purpose. This 
observation applies to certain pipes with a fireproof body 
which is relatively porous, and has only acquired imperme- 
ability by the saline glaze. It includes also certain paving 
tiles, which, if melted, would only make scoria, but which are, 
nevertheless, only slightly permeable and are very hard, an 
essential quality for this class of goods. As these wares are 
manufactured by the same methods as true stoneware, we will 
examine them in this chapter, though we do not hide the fact 
that this classification is theoretically incorrect. Brongniart, and, 
after him, nearly all authors, have divided stoneware into com- 
mon stoneware, the body for which has as a basis a vitrifiable 
clay, of which the glaze is saline, and into fine stoneware, having 
a body and glaze similar to those for feldspathic faience. It 
seems to us that this classification corresponds exactly to the 
reality of the actual facts. Doubtless the stoneware which is 
named fine, the manufacture of which has not been noticeably 
modified or extended since Brongniart’s time, has a composition, 
and especially methods of manufacture, which distinguish 
it fairly distinctly from the other kinds; but the latter has 
been considerably developed, and certainly will become of more 
and more importance in the future It no longer is used 
solely for making jugs and pipes, it will take other glazes 
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besides the salt glaze, and may be used as decorative ware which 
can from this time be classed among the most beautiful ones 
that the ceramic art can produce. Under these conditions, the 
epithet of common with which they have been designated has lost 
its meaning, and would give rise to the same errors and the 
same objections that have been caused as regards the faiences. 
We think then that if, in the ‘absence of any other term and on 
account of its being the one generally used, we are obliged to 
continue to class the fine stoneware by this name, it is necessary 
to suppress the adjective common for the others. We will con- 
sider them simply as stoneware, that is stoneware properly so 


_ called. 


The classification adopted in this chapter, then, will be the 
following :— 

1. Stoneware properly so called, with a coloured body, 
although sometimes only slightly bluish or yellowish, argillaceous, 
prepared in a pasty or dry manner, according to the methods 
employed for manufacturing terra cottas The principal varieties 
are the following :— 

(a) Paving tiles, which are used either for pavements or for 
the walls, usually dry, of a single colour, or else decorated with 
slips of different colours. 

(b) Pipes used for conveying liquids, with a salt glaze. 

(c) Sanitary ware, used in. the construction of buildings and 
for domestic purposes; these are either dry, salt glazed, or more 
often with an alkaline plumbiferous and stanniferous glaze. 

(d) Stoneware for food purposes and chemical productions, 
either dry or with a glaze that is usually saline. 

(e) Architectural stoneware, either dry or with various 
glazes. | 
(f) Vases, statues and other decorative objects of a similar 
kind to the preceding. 

2. Fine stoneware, of a white or coloured body, argillaceous 
and kaolin nature, prepared in a liquid method according to the 
processes used in the manufacture of feldspathic faience, either 
dull or covered with an alkaline-boracic plumbiferous glaze. 
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1. Stoneware Properly so Called. 
(a) Paving Tiles. 

268. Forms and Dimensions.—The stoneware tiles and those 
which are sold as such are of somewhat varied shapes, which 
are explained by the different uses to which they are put and 
by the variable quality of the body. 

For lining walls and for the inside pavements, square or 








IV 


Fig. 298.—Tiles. 


hexagonal tiles are generally used, type 1 (Fig. 298), the largest 
size for which is scarcely above 9 ins, and may be as low as 
4 ins The thickness, which is more reduced the better the 
quality of the body, varies from } to}in. They are entirely of 
one colour: white, red, brown, black, or sometimes yellow. 

For the paving of footpaths, porches, stables, ete, square tiles 
are used (type 2), united or striated, about 56 to 7°6 ins. side, 
and 1-2 to 1°6 in. thick. They are entirely of one colour: yellow, 
brown, red, or black. 
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For pavements that have to bear a great deal of wear it is 
best to make them thicker; then shapes similar to those shown 
in type 3 are generally adopted. 

Finally, the tiles can be decorated with coloured slips applied 
by inlaying, as shown in type 4 In that case they are generally 
square, of from 6:0 to 6°8 ins. side, although, according to the design 
that they are to bear, they can be of other shapes. The thick- 
ness varies from ‘6 to °8 inch. 

269. Composition.—The composition of the body is somewhat 
variable ; sometimes a vitrifiable clay either more or less thinned is 
used, sometimes a fusible clay is made more fireproof; lastly, a 
fireproof clay is made vitrifiable We will now examine these 
different cases. 

The Use of Vitrifiable Clays—We saw (Art. 31) that the 
vitrifiable clays vitrify more or less completely in the porcelain 
firing, but that they remain almost dull in faience firing. They 
contain a certain proportion of fluxes, alkalies, lime, and oxide 
of iron This last, however, is nearly always in the form of 
peroxide, and consequently can only play the part of a flux if 
the burning is done in a decidedly reducing atmosphere, which 
turns it into the form of protoxide. We may then set it down 
that all vitrifiable clays containing some iron are more fusible 
when the burning is done with a reducing working than when 
it is oxidising. In the latter case we can only count on the 
alkalies, lime, and magnesia to cause vitrification. Generally the 
proportion of lime and magnesia is not high, it scarcely ever is 
above 1$ to 2 per cent. altogether. 

On the contrary, the amount of alkali is not below 24 or 3 
per cent., and may be as high as 5 and 6 per cent. We have 
seen that, according to the works of M. Vogt, these alkalies 
closely mixed with the hydrosilicate of alumina, which is soluble 
in concentrated sulphuric acid, are in the form of mica in the 
state of an impalpable powder. 

On the other hand, the vitrifiable clays are almost always 
rather plastic; it is seldom that the proportion of alumina falls 
below 25 per cent., and it sometimes rises above 30 per cent. 
Under these conditions, the lime and magnesia, when the car- 
bonates are decomposed, and the alkalies, at the temperature 
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for fusing the mica, being in an impalpable state in the whole 
mass, may cause it to soften and warp at the same time as it 
vitrifies. It is then generally necessary to add to the body a 
certain proportion of silica, which serves as a stiffener and allows 
it to begin to vitrify without the goods getting out of shape. 
The coarseness of the grains of silica is of very great impor- 
tance: if too fine, they have a tendency to be rapidly got rid 
of when the body fuses; if too large, they prevent it from be- 
coming impermeable. We see that the composition of the 
bodies for stoneware, when made with vitrifiable clays, can only 
vary in somewhat narrow limits. 


The following are the quantities that may be put down as 
medium ones :— 


Per Cent. 
Silica. . . . . . . . 68 to 75 
Alumina . . . . . . . . 20 ,, 29 
Lime and magnesia . . . . . 10°5 ,, 2 
Alkalies . . . . : . . . 8 , 5 


4 


In some cases there must be added to the foregoing numbers 
a somewhat high proportion of oxide of iron, which may reach 
as high as 10 to 15 per cent. 

The Use of a Mixture of Fusible Clays and Fireproof 
Materials.—It can be easily understood that by adding some 
fireclay to the fusible clays, and, if needed, some silica also, a 
vitrifiable body similar to the preceding ones can be. obtained ; 
yet, considering that the fusible clays usually contain much more 
lime than alkali, the vitrification in that case occurs at the time 
of the decomposition of the carbonates, that is to say, at a 
lower temperature. It must be remarked on this subject what a 
wide difference exists in the way in which lime and alkalies 
act. As for lime, at the moment at which the temperature for 
decomposing the carbonates is reached, it has a tendency to 
form quickly through the whole mass a double silicate of 
alumina and lime, perhaps also some aluminates of lime, so that, 
in spite of the silicious strengthening, it softens a short time 
after it begins to vitrify, and the ware may quickly get out of 
shape. With alkalies, on the contrary, in the form of mica or 
feldspar, the action commences with the fusion of these rocks, 
and it is only progressively that the little grains of flux enter 
into combination with the molecules of silica and alumina that 
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surround them. The time then is fairly long between the com- 
mencement of the vitrification and the moment at which it 
loses shape. For bodies of this description the proportion of 
alkalies scarcely exceeds 2 per cent., while that of the lime 
rises as high as 6 to 10 per cent. the amount of silica and 
alumina remaining the same, although the relative plasticity 
of the carbonate of lime would allow of less aluminous bodies 
being used. 

The Employment of a Mixture of Fireclay and Fluxes.— 
The forms in which the fluxes are added to a fireclay are 
very various It is just the same with the proportion of them, 
because the latter depends upon the coarseness of their grains. 

The mixture which gives the best results is the addition 
to a fireclay that is suitably thinned of some feldspar or 
pegmatite finely powdered. By giving to the body the com- 
position that was indicated for the bodies of vitrifiable clays 
and 5 to 6 per cent. of alkalies, stoneware can be obtained of 
a very good quality that will resist for a very long time with- 
out losing shape, because the fluxes are in a coarser form, what- 
ever the fineness to which they are powdered, than those in the 
natural clays. 

Unfortunately this method is rather costly for goods that 
are not of a high commercial value. Alkalies can also be em- 
ployed in the form of salts, but then the vitrification takes 
place at a low temperature, and has almost the same disadvan- 
tages as with lime. For economical reasons calcareous fluxes are 
very much used For this purpose, calcareous clays, marls 
and carbonate of lime can be made use of; but the substance 
that has given the best results is the slag from the blast fur- 
nace, which is a somewhat impure silicate of lime. 

The bodies thus obtained have somewhat the following com- 
position :— 


Silica . ae . . . . . 51 to 55 


Alumina . . . . . . . . 19 ,, 22 
Lime . . . . . . . . 22 ,, 25 


plus a small quantity of oxide of iron, oxide of manganese, 
magnesia and alkalies. The tiles made with bodies of this class 
are always slightly permeable, as they can only be burnt up 
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to the commencement of vitrification without risking a rather 
sudden loss of shape. Even when melted, the body does not 
become impermeable, so that, ceramically speaking, these wares, 
as a general rule, are terra cottas rather than stoneware. 

Sometimes, more or less open fireclays have been mixed 
with rather coarse broken glass The body when burnt does 
not then have a homogeneous look; it is composed of fireproof 
parts united to other vitrified parts If it were carried to a 
fusing point, the marl would remain heterogeneous, and pieces 
of clay and silica would be found incorporated in the vitreous 
flux. Glass cannot be used in a fine powder, because then the 
softening would take place at the same time as vitrification. 

Finally, it would be advisable to mention the tiles called 
pyrogranites, manufactured in Russia, composed of a fireclay 
mixed with a fusible clay, the burning of which is carried on to 
the fusing point in fireclay moulds. The originality of these 
wares consists especially in the polish imitating that of hard 
stones, which is given to them by passing them through a mill 
However, all impermeable wares are also capable of being 
polished; but in the tiles of which we are speaking, the intro- 
duction of grains of terra cotta of different colours produces on 
the surface marble in imitation of granite. 

270. Colouring.—In the chapter relating to burning (Art. 
147) we discussed the part played by oxide of iron in the colour- 
ing of the bodies, yet it is necessary to complete what was said 
by some observations peculiar to stoneware. 

The colouring of these wares is very variable. Sometimes 
only slightly yellowish or bluish, they are frequently of a bluish 
grey (pearl grey), darker or lighter, at other times yellow, red, 
brown, or black. Except in the cases, which are always very rare, 
in which the bodies contain oxide of manganese, these colours 
are due to oxide of iron and to the way in which they are fired. 

The white colour only slightly tinted can only be imparted 
to them by vitrifiable clays containing very little iron. These 
clays are extremely rare, for, as we have already observed, the 
lowest proportion of iron at the moment of vitrification is sufh- 
cient to colour it. Generally, white stonewares are obtained by 
a mixture of white fireclay, kaolin, and alkaline fluxes. 


STONEWARE. 669 


The same as in terra cotta, the grey or bluish-grey colours 
arise from a body containing a little iron and burnt in a reducing 
atmosphere. In order to be sure of obtaining these colours, it 
is wise to burn with a reducing working above a temperature 
of 800° C. 

The yellow colourings are given by the bodies containing very 
little iron, or by calcareous ferruginous bodies heated in an 
oxidising fire during the whole of the burning process. Under 
those same circumstances the bodies that are simply ferruginous 
become brown, or even black, when the proportion of iron is 
very high. The decidedly red colour is much more difficult to 
get in stoneware than in terra cotta; it is necessary for the 
body to contain a great deal of peroxide of iron, a little alkali, 
no lime, and that the burning, which naturally would be in an 
oxidising atmosphere, should be stopped when vitrification begins. 
Lastly, the uniformly black colour can, when oxide of manganese 
is not used, only be really produced by a reducing working and 
a deposit of carbon in the pores of the ware before it vitrifies. 
In that case the method indicated for the manufacture of black 
tiles can scarcely be used, because it would be difficult to keep a 
suitable working above 800° C. up to the time of vitrifying. It is 
preferable to enclose the ware in saggers filled with powder 
carbon in the form of charcoal or coke (Art. 220). 

271. Methods of Manufacture.—Stoneware tiles can be manu- 
factured by two processes: moulding the body in a plastic state, 
or moulding them with more or less dry powder. In the first 
case the process can be used that was described for terra cotta 
paving tiles (Art. 221), but by always pressing the tiles again 
afterwards, when they have been sufficiently dried, in order to 
Jessen as much as possible the spaces that are found in the body 
in consequence of the evaporation of the water. This process, 
which it is useless to describe at greater length, can only be 
used to make fairly thick tiles of a relatively moderate quality. 

In order to get very thin and very hard tiles one has recourse 
also to moulding in plastic clay, but by using for this operation 
all the care in quite as particular a manner as that which wil. 
be described in the following article. 

For thicker tiles, which are intended principally for paving, 
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they make almost exclusive use of moulding in a press with 
more or less dry powder. This process will also be described 
further on. 

All the tiles of which we have just spoken are entirely of 
one single colour. Tiles ornamented, with designs in polychrome 
are also manufactured, called by the title of inlaid tiles, which 
are certainly one of the most beautiful pottery manufactures. In 
this case the moulding is now done almost exclusively by means 
of dry body reduced to powder and variously coloured They 
will be discussed in Article 275. 

272. Manufacture in Plastic Body.—The bodies used for this 


Fi6. 299.—Machine for Expressing Tiles. 


manufacture are generally rather plastic and with alkaline 
fluxes. White vitrifiable clays are mostly used for white tiles, 
ferruginous clays for red or brown ones. As for black tiles, 
they are coloured either by manganese, or more often by being 
burnt in a sagger containing carbon. 

The preparation of the body is done in a soft pasty manner 
or else by pulverisation. Washing is often resorted to for purify- 
ing the raw materials Moulding, which is the characteristic 
operation of this manufacture, needs several special operations. 
They begin by expressing cakes of body by means of cylinder 
propellers. Fig. 299 represents a machine for making a large 





STONEWARE. . 671 


quantity that makes 1,500 pieces of medium size per hour. 
Fig. 300 shows a similar machine worked by hand, with a 
production of 400 pieces When coming out of the die the 
prism of body is received on a fixed cutting table (Fig. 301). 
It passes first under a roller, on the two sides of which are 
stretched vertical wires, which cut it to the required width. 
The lengthway cut is done by a series of transverse wires, as 
in the similar apparatus already described. Lastly, the tiles 
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thus cut pass under a last roller, the object of which is to beat 
down the ridges caused by the cutting. When the tiles are 
hexagonal, they are cut on a special table with bands of the 
width desired, and a special cutting apparatus, shown in Fig. 
302, is put over them. 

The tiles when cut thus are piled up, as we said in the 
preceding article, until they have acquired the consistency of 
a firm body. When the body is not naturally of the required 
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colour, or, at least, when it is not of the intensity that is de- 
sirable, it is usually immersed in slip. This slip dries rapidly 


Fig, 801.—A Cutting Apparatus for Tiles. 


and allows of it being beaten out after a little time This 
latter process is done by hand by placing the tile on a marble 


me. 


EE 


Frc. 902,—An Apparatus for Cutting Tiles. 


slab and striking it on both faces, but especially on the face 
that is to show, with a wooden bat. This operation being 
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finished, the tile is put between two rolling mills set in motion 
by a crank (Fig. 303), the lower of which is in cast iron furnished 
with grooves and the upper of polished bronze. The object of this 
machine is to striate the lower face of the tile so as to make it 
adhere more easily to the bed of mortar, and to polish the upper 
face. It remains then to give the tile a regular shape; for this 
purpose the templets can be used, or else a special machine can be 
resorted to, but this is better for large quantities Fig, 304 shows 
a tool of this kind. The tile, being conveniently placed on a lower 
slab, is trimmed by 4 or 6 edges according to its shape; these in 


Fic, 303.—A Machine for Polishing Tiles. 


their descent cut it obliquely so as to give it the truncated pyramidal 
form that is wanted, then they separate so as not to carry up the 
tile as they ascend. The production of these machines varies 
from 200 to 300 tiles an hour according to their size. The 
finished tiles are raised from the slab and put in piles to finish 
drying. All the machines of which engravings are given in 
this article are made by MM. Chavassieux-Long. The method of 
moulding just described is that which answers to the most care- 
ful manufacture ; sometimes it can be simplified, but at the expense 


of the quality of the goods. 
43 
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For small quantities the burning is done in intermittent 
kilns For this purpose muffle kilns are frequently used of the 
type shown in Fig. 179 (page 377). For larger quantities it is 
better to make use of kilns heated by gas A clever manufac- 
turer of Beauvais, M. Colozier, has succeeded in burning hard 
tiles in a kiln with continuous firing of the type shown in Fig. 
262 (page 529); yet we think that, as others have done, it is 


Fic. 304.—Machine for Trimming Tiles. 


more convenient, although less economical, to use continuous 
kilns with several burning spaces (page 677). 

Whatever the type of kiln used, it is essential to have a very 
slow smoking and a very careful one, by means of special fire- 
places. Besides this difficulty in the smoking and the slow firing, 
a fresh one is encountered during the burning in consequence 
of the shrinkage, often considerable, which takes place in the 
body when being burnt at a temperature near that for vitrifying 
them. The charging being necéssarily in “bungs,” these have 
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a tendency to tumble over if the heat is not very uniformly spread 
over them. This defect often necessitates the charging being 
done in special ways, using special devices. 

Hard tiles are manufactured in special factories. They exist 
in France at Beauvais and the neighbourhood, and in the south, 
at Marseilles, Aubagne, Salesnes, Apt and Orange. This manu- 
facture is certainly one of the most careful and most difficult 
that is met with in pottery. 

273. Manufacture in Dry Body.—This manufacture is much 
simpler than the preceding one, but it does not allow of such 
thin goods being made. It is therefore particularly suitabie for 
the tiles for paving footpaths and streets. All the kinds of 
bodies already described may be used, and the same applies to 
the methods for colouring; it is therefore needless to return to 
this subject. 

Whatever the raw materials, the preparation is by the dry 
method, yet certain substances, such as feldspar and pegmatite, 
are pulverised in water by preference in block machines, or else 
with Asling cylinders. The body that is being pulverised at 
the degree of moisture desired is moulded by means of hydraulic 
presses. The arrangements include the pump, the condenser and 
the press. The pump can only be worked by hand in very 
small factories; it is better in any case to make use of pumps 
with machine power. The condenser is not indispensable, but it 
would be inadvisable to do without it if regular quantities are 
wanted. Mostly, even two condensers are used, one at low pres- 
sure, that is to say, from 50 to 90 atmospheres, and the second 
a high]pressure one, giving 200 to 250 atmospheres. 

The moulding is generally done in the following manner. 
The body in powder is put by hand into the mould, using for it 
a sort of hopper with a definite capacity. A little pressure is 
given to it sometimes, either by hand or by machine, after which 
the mould is placed under the hydraulic press. 

It is compressed first at a low pressure, then the compressed 
air contained in the body is allowed to escape, and it is after- 
wards acted upon at a high pressure. The moulding being 
finished the mould is drawn away, and is placed on an apparatus 
for taking it out of the mould, which generally consists of a. 
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second hydraulic press, in which the water which served for 
the high pressure is made use of. 

For small quantities two moulds on a slide, that are alter- 
nately under the press and being emptied, can be used, but the 
most usual arrangement consists in placing the mould on a slab 
revolving round one of the vertical pillars that hold the upper 
slab of the press. These moulds are then three or four in num- 
ber, so that all the operations of the fashioning can be carried 
on at the same time The working of the revolving plate is 
done by means of a little pump. 


Fic. 805.— Hydraulic Press for Moulding Tiles. 


The details of the machinery vary a good deal, according to 
whose make it is, and a description of them would be outside 
the scope of this work. We will content ourselves with repro- 
ducing in Fig. 305 a hydraulic press used for moulding tiles, 
made by MM. Desmarais et Cie. (Morane, senior). 

The tiles when taken from the mould are hard enough to be 
taken up in the hand. They are then placed in drying shede 
usually heated and ventilated by using, when possible, the waste 
heat from the kilns. 
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The charging is done in bulk, yet without the goods being 
able to be piled up above a height of 64 ft. to 93 ft.; if more 
than that, the lower rows would be crushed, when they 
softened, by the weight of the upper goods. Black tiles ought 
to be charged in saggers filled with carbon, as we said before. 
These saggers can be placed in the middle of other goods. 

For small quantities the burning is done in round inter- 
mittent kilns with inverted flames, similar to those employed 
for burning fireclay goods, but less in height. The heat given 
off from the kilns when they are cooling is made use of in 
the drying sheds. 

As soon as the production allows of it, it is more advan- 
tageous to use continuous kilns. For this purpose kilns with 
a single burning space have been made use of, but, in spite 
of the expenditure of fuel being greater, it seems better to 
use kilns with several spaces. The heating by gas, which is 
much easier to regulate, ought, as a general rule, to be pre- 
ferred. Fig. 306 shows a kiln of this kind, invented by M. 
Mendheim, which 1s made on the principle indicated by Fig. 
175 (page 374). Each chamber communicates with the following 
one by channels starting at a lower corner to go underneath 
the whole hearth and end in the next chamber. In that 
hearth are found also gas channels placed parallel to the air 
passages, so that the flames come up through a series of 
openings at the bottom. The gas is led into each chamber 
through an outside subterranean channel, while the draught is 
caused by a central passage for the smoke. 

Some openings, arranged in the walls that separate the cham- 
bers, allow the working of fireproof dampers; lastly, channels 
placed along the domes serve for the smoking with the warm 
air, as we said, in Art. 206, when speaking about burning bricks. 

The thermic balance-sheet of these kilns can be reckoned 
approximately as follows :— 


Heat produced by combustion . 100 | Heat theoretically necessary . 55 
Heat given by collection  . . 80 | Heat lost by the heating of the 

walls . . 88 

Heat lost by radiation . . . 15 

Heat lost through the chimney . 7 


Heat lost in generating the gas . 20 
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Fio. 306.—Kiln with Continuous Firing, with Several Chambers, Heated by Gas. 
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When they come out of the kiln the tiles ought to be 
sorted, and generally there are two or even three qualities 

The manufacture of these tiles needs very large works to 
be remunerative; it is only exceptionally that they are made 
as accessories in some tile and faience potteries. 

274. Inlaid Tiles.\—The manufacture of inlaid tiles dates 
from 1861: since that time it has been greatly extended, espec- 
ially in the north of France. The body can be a vitrifiable clay, 
or à fireclay with the addition of feldspar, and, when necessary, 
some silica. It is decorated by means of slips, applied by incrus- 
tation in the form of a powder. The tiles are generally square, 
with a side of 472 to 7°88 ins, the most usual size being 6:36 
ins.; the thickness varies from ‘669 to ‘866 in. Half and also 
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Fia. 807.—Templet for Inlaid Tiles, 


quarter tiles are made, the latter being divided either rectangularly 
or on the diagonal. Borders have a rectangular form. 

The slips are made by mixing colouring oxides in the body; 
it is needless to repeat on this subject what was said in Art. 
188. Naturally the proportion of flux contained in the clay 
must be modified according to the fusibility of the colouring 
oxide. It is usually arranged for the slip to be a little more 
fusible than the body. 

The applying of the slip dust at the time of making the tile 
is the distinctive and original feature of this manufacture. This 
operation is done in the following manner: a templet is placed 
in the bottom of the mould, that is to say, a little piece 
from 032 to ‘040 in. thick, formed of bands of copper soldered 
together, which divide it into cells having the shape of the 


1 Encaustic Dust Tiles. 
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outline of the design to be obtained (Fig. 307). When the 
mould is thus prepared it is passed to a series of workpeople, 
who each put a slip of a colour that has been decided upon 


Fia. 808.—The Moulding of Inlaid Tiles, 


into the proper cells When all the templet has been filled, 
it is generally raised, a slight pressure is given to the slips 
by a chuck used by hand, then they continue to fill the mould 
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with ordinary pulverulent body. The whole is afterwards com- 
pressed in a hydraulic press, as we said before. . 

Fig. 308 represents a hydraulic press used for this class of 
manufacture. In the front is a table along which circulate the 
moulds, which are formed of two pieces put one on the other, 
the lower being the thickness of the slip, and the upper that of 
the body. On the front part of this table the slips are put into 
the lower part of the mould, as we have just described, then 
the upper part of the mould is put on, and it is filled with the 
body by means of a funnel; it is slightly pressed, the mould is 


Fig. 309.—The Moulding of Inlaid Tiles. 


covered over with a piece of cast iron or steel, and the whole is 
pushed under the hydraulic press. 

For larger quantities a circular table is preferred, along which 
moulds are moved that run on rails. Fig. 309 represents an 
arrangement of this kind, the filling of the moulds being done 
by work-girls seated round the circular table; the whole working 
of the moulds and presses is attended to by a workman placed 
in the centre. 

The drying of inlaid tiles is done in the same manner as 
smooth tiles, but the burning should be in saggers, the tiles being 
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saggered in bulk. Round kilns with inverted flames are gener- 
ally used, but for large quantities kilns with continuous firing 
could also be made use of, as we said in the preceding article. 

275. Tests for Paving Tiles.—Tiles can be submitted to two 
kinds of tests. Their permeability can be reckoned by first drying 
the tile at 110° C., then plunging it into water and measuring 
the increase of weight, at the end of twenty-four hours, for 
example. This increase is afterwards calculated as a percentage 
of the weight of the dry tile. There are no precise rules for 
making this experiment; what we have just said is only given 
by way of suggestion. 

The determining of: the resistance to wear is the essential test. 
Different machines have been proposed for calculating the dimin- 
ution in weight or thickness that takes place in the tile when 
its surface is subjected to a lengthened period of use. The best 
way is to follow on this subject the conclusions of the Commis- 
sion for the methods of testing building materials that were 
printed in Art. 231. — 

Tiles in true stoneware, when well made, offer a very great 
resistance to wear, quite equal to that of the hardest natural 
stones. 


(b) Pipes. 

276. Forms and Dimensions.—Fig. 310 represents the most 
usual form of stoneware pipes, as well as examples of elbows, 
junctions, syphons, ete, employed in forming channels. The in- 
side diameter varies from 2 ins. to 39 ins. Yet, in current use, 
it is seldom they are above 24 ins. The length of the straight 
pipes varies from 24 ins. to 39 ins. | 

The fitting of the joint with a layer of cement is the one 
most generally used. For channels where there is pressure it is 
better to make use of a joint with a collar (Fig. 310), which is 
also made air-tight by means of some cement put between the 
pipes and the collar. 

277. Composition.—In the same way as for tiles, the best 
composition that can be given to the body of the pipes consists 
of a suitably thinned vitrifiable clay, or of a fireclay with the 
addition of feldspar or pegmatite. In this way perfect stone- 
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ware is obtained, very impermeable, resisting great pressure, 
the only defect in it being slight brittleness. For reasons of 
economy, the alkalies are sometimes replaced by a limestone flux, 
that is to say, a certain proportion of a fusible calcareous clay 
is mixed with a clay that is slightly vitrifiable, or with a fire- 
clay. The ware obtained may be equally good, but as, accord- 
ing to what has been already said (Art. 269), they have a 
tendency to get out of shape, it is seldom that they can be burnt 
as high as to vitrify ; the body then remains slightly permeable still. 

Fireclays can also be used, or any at least that do not show 
any trace of vitrification at the highest temperature at which 
they are burnt. We have thus the advantage, as already said, 


Fig. 310.—Pipes. 


of obtaining goods which do not lose their shape, but the ware 
obtained by this process is still relatively porous, and we should | 
not consider them as stoneware, at least from a ceramic point 
of view. English pipes, which are still so largely exported, are 
all included under this head. 

The fireproof body must naturally contain more flux than the 
body used for the manufacture of fireclay goods, and the grain 
should be finer, so as to be suitable for the glaze. In some 
factories, especially in Germany, the body is covered over by a 
slip made with a fine vitrifiable body. 

278. Moulding.—The preparation of the body is done, accord- 
ing to circumstances, either in a pasty manner or else by a dry 
method. As to the moulding, that is always done with plastic 
body. 
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Straight pipes can be made in three ways:— 

1. On the potter’s wheel. 

2. By expressing the straight pipes and afterwards joining 
on the socket by hand, this socket being also made of a 
portion of a pipe that has been drawn, only of a larger diameter. 

3. By expressing the pipes, the socket being made by 
machine. | 

The first method gives goods that do not look so well, in 
spite of the skill of the potter, and is more costly. The second 
is only suitable for making small quantities, the joints needing 
to be carefully done. The third method of moulding is the 
one employed in all important factories. As it is essential 
that the goods should not get out of shape by their own weight, 
which might easily happen in the large sizes, the pressing 
ought to be done vertically. The body, on coming out of a 
circular die, strikes against a chuck of the shape of the socket ; 
owing to its plasticity it bends round it, then, when it has 
become of the desired shape, they let go the chuck, and the 
pressing of the straight part is accomplished as in other 
machines, When the pipe has reached the desired length the 
machine is stopped, it is cut with a wire, the pipe 1s raised 
with the little board on which it rests, and it is turned over 
so as to take the chuck away. Fig. 76 (page 200) represents 
a machine of this kind, made by M. Pinette, in which the 
body is compressed into a cylinder by means of a machine 
worked by hand. 

In England the piston propeller is usually set in motion 
direct by means of a steam-engine. Fig. 311 represents a 
machine of this description made by Messrs. Clayton, Howlett & 
Co 

Sometimes the opposite arrangement is adopted, the expression 
being from bottom upwards, as shown in Fig. 312. In that 
case the chucks are fixed on vertical rods, which are held 
immovable at their lower position while the fitting is made, 
and which are afterwards raised by a counter-poise. This. 
machine was made by Mr. Fawcett. 

The working of the preceding apparatus is decidedly in- 
termittent, because, when the cylinder propeller has arrived at 
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the end of its course, it must be carried back behind and the box 
must be filled afresh with the body. This takes rather a long time, 
because the body has to be pressed by manual labour, in such 


Fi. 311.—Machine for Expressing Pipes. 
@ way as to prevent, as much as possible, any air remaining in 
it. This air, in spite of the valves with which the dies of 
these machines are sometimes provided, will form bubbles in 
the thickness of the pipes and thus make them unusable. 
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In France they generally prefer, at least for those with a 
diameter below 28 ins, presses with roller propellers Fig. 
313 shows an apparatus of this kind made by MM. Boulet & 
Cie, the working of which is thus continuous, except, of course, 
for the unavoidable stoppages required for cutting, raising the pipe 
and remounting the balanced platform. The dies, as well as their 
nave (bell) and the chuck which is used for the fitting part, are 


Fre. 312 





Machine for Expressing Pipes. 


covered with plaster. The air bubbles are less to be feared, 
relatively, if they are careful never to let the pressing box become 
partially empty. 

It is wise to use two of these presses, one for small size 
pipes, two or three of which can be {made simultaneously, and 
the other for large sizes. The production is about fifty pipes 
of 7°87 ins. diameter an hour. 
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When the pipes that have been made are sufficiently dried, 
they are placed on two horizontal cylinders covered with plaster, 
which have a rotatory motion that they give to the pipes, which 
allows of the defective parts of the fitting being touched up 
by hand, and of their being striated so as to increase the adher- 
ence of the mortar when it is put on Then the pipes are 
placed in drying sheds, the waste heat from the kilns being made 
use of, or else they are specially heated and ventilated. In some 
works they are rolled about on plain sheets of iron before they 
are completely dry, so as to get rid of the elliptical form that 
may easily occur when unequally dried. 


Fic. 818.—Machine for Finishing Pipes. 


Elbows, junctions, such as those represented on Fig. 310, are 
made with the ends of straight pipes that are cut off and 
joined together by hand. 

279. Burning and Salting.—The burning is done either in 
round kilns with down draught, or in semi-continuous kilns or 
continuous ones with several burning spaces, according to the 
production, They are heated either by coal or gas. The pipes 
are placed in bulk, upright, fitting one into the other to a 
height of 6 ft. 6 ins to 8 ft. Care must be taken that the 
inside of them can get the circulation of the gas, in order that 
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the salting, of which we shall speak, may be done regularly on 
all sides Small pipes can be put inside the large ones, but, 
in spite of this facility, the weight of goods placed in a given 
volume ïis small, which considerably increases the cose of 
burning. 

When heated by gas, the kiln already described (Fig. 306, 
page 678) for burning tiles can be employed. The arrange- 
ment shown in Fig. 176 (page 374) can also be used 

When heating by coal is preferred, for small quantities the 
kiln that will be described further on can be used (Fig. 317, 
page 694), and for a more important production the semi-con- 
tinuous kiln shown in Fig. 314 It is composed of a series of 
burning spaces, the perforated bottom of which communicates, 
by means of channels, with openings placed along one of the 
sides of the following chamber. In the same way as in kilns 
with channels, the air strictly necessary for ‘combustion is 
brought in under the gratings: the recuperation is only caused 
by a small proportion of air in excess. 

In theory, the heating by flames which entirely descend, as in 
the types of kilns shown in Figs. 174, 176, 314 and 317, is preferable 
to heating by flames that are partly ascending, as in the kilns 
of Figs. 175 and 306, because the maximum temperature is pro- 
duced at the top of the charge instead of attacking the lower 
pieces, which, being more loaded, are more liable to get out of 
shape. 

The characteristic operation of burning stoneware pipes 1s 
salting, that 1s to say, the throwing into the kiln, at the time 
when the highest temperature has been reached, of a certain 
quantity of sea ‘salt. This volatilises at a temperature slightly 
above 800° C., but it only decomposes when towards 1,200° C., when 
in contact with silica. The sodium set at liberty oxidises, forms 
soda that combines with the silica of the body, and thus causes 
a superficial vitrification. The chlorine, on its part, decomposes 
the steam furnished by the combustion and escapes in the form 
of hydrochloric acid. 

For a long time it was thought that the decomposition of 
the salt was due to the mixture of its vapour, at a high tem- 
perature, with the water vapour. This explanation is erroneous: 
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the salt is decomposed at a high temperature in the presence of 
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silica; the production of hydrochloric acid is one of the conse- 


not the cause of it. 


but is 


quences of this dissociation 


that is to say, that the glaze is 


This decomposition is better, 
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thicker and more impermeable, the more silica that is contained 
by the body. Aluminous, or decidedly basic, wares cannot be 
covered with a saline glaze applied in this way by volatilisation. 

The salt is introduced into the kiln by openings arranged in 
the domes, care being taken that it does not fall directly on to 
the goods. It produces a decided and rapid lowering of the 
temperature, because of the considerable amount of heat absorbed 
by the salt in order to heat, volatilise, and decompose it. This 
heat has not yet been precisely measured, but it may be reckoned 
at 800 to 900 units of heat per kilogramme. It is sufficient to 
lower by 200° to 300° the temperature of the atmosphere of the 
kiln and of the surface of the goods, therefore the salting ought 
to be done in two or three operations, from twenty to thirty 
minutes apart, and the heating increased between. The propor- 
tion of salt put in varies from ‘625 lb. to 1:25 lb. per cubic foot 
of the charge, 

It is wise while salting to reduce the draught to the mini- 
mum that the intense heating will bear, so that the saline vapours 
should not be too quickly carried off into the chimney. The 
colour of the pipes naturally depends, as we have seen, on the 
composition of the body and on the working of the fire during 
the time of burning which precedes the salting. Yet, it should 
not be reducing enough to cause a deposit of carbon on the 
goods, as this deposit would afterwards prevent the contact of 
the silica and the salt vapour. If the proportion of salt is too 
great the goods will present, atter they have been burnt some 
time, white deposits, which can be washed off. 

The salt acts, not only on the goods, but also on the walls of 
the kiln, and rapidly destrays them if in building them care has 
not been taken to employ sufficiently aluminous bricks, that is, 
bricks in which silica is not found in a free state Salting was 
practised for the first time about 1690 in England by the 
Brothers Flers. 

280. Tests for Pipes.—The decisions of the Committee on 
the methods of testing building materials which were given in 
Art. 231 under the heading Resistance of Breakage by Internal 
Pressure apply especially to stoneware pipes. It is sufficient to 
add that real stoneware pipes resist considerable pressure, vary- 
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ing from 5 to 15 atmospheres, or even more, without any break- 
age taking place during the continuation of the test. When the 
experiment is well conducted, that is to say, when the joints are 
well made and do not cause a supplementary strain on the 
material, the breakage is produced along one of the edges of 
the pipe. Pipes made of fireclay body are less resisting, and it is 
seldom that no leakage occurs before the end of the experiment. 

The tests are made either on a single end of pipe or on a’ 
series of two or three pipes. 


(c) Sanitary Ware. 


281. For some years, by this name have been designated 
pottery goods used for certain channels and various domestic 
purposes. They are distinguished from the preceding ones by a 
finer body, a more careful preparation; sometimes they are 
covered with a salt glaze, but more usually with an opaque 
white glaze. 

Fig. 315 shows some of the most usual types.! 

‘The preparation of the body is done in the same way as for 
pipes, but it is always vitrifiable, and with a somewhat fine grain, 
so as to be able to be glazed. Its plasticity makes it easy to 
mould the rather complicated shape of the objects that often are 
wanted, and can only be managed by moulding by hand. For 
some patterns the ends of drawn pipes can also be used ; these 
are afterwards cut and joined together. 

As these wares are generally manufactured in pipeworks, 
they are burnt in the kilns that have just been described, but 
those which are to have an enamel of course are not salted. 

The enamel used is of the same composition as for feld- 
spathic faience, that is, an alkaline boracic plumbiferous one (Art. 
259), rendered opaque, so as to hide the colour of the body, by 
the addition of a little oxide of tin. Different coloured glazes 
can also be employed. The vitrification of the enamel is done 
in mufiie kilns In some cases the glaze is gilded or covered 
with vitrifiable colours that are fixed by a third baking. 


1Taken from the Catalogue of the Society for Ceramic and Fireproof Goods 
at Boulogne-sur-Mer. 
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Sanitary wares are sometimes also manufactured of faience 
or of fine stoneware body. In that case, the body being white, 
naturally, transparent enamels are made use of. 

By manufacturing sanitary wares that are impermeable, un- 
changeable, having, on account of its glaze, a whiteness of 
irreproachable appearance, pottery has lent an extremely precious 
aid to the new science of hygiene. These wares, which were 
Invented in England, have for a long time been manufactured 


Fic. 315.—Sanitery Pottery. 


exclusively in that country. Since then the manufacture of them 
has extended, and several works, notably in France, send out 
goods that bear comparison with the best English ware. 


(d) Stoneware for Food Purposes and Chemical Productions. 


282. The wares that are included under this heading are 
mostly those that Brongniart meant by the name of common 
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stoneware. The manufacture of pots intended to hold liquids 
was the first, and, for-a long time, the only use for stoneware. 
Then, towards the end of the eighteenth century, they began 
to be used for making chemicals, and for this purpose have 
reached a high point of perfection. The principal merit belongs 
to Messrs. Doulton & Co., who thus rendered an inestimable 
service to this industry. 

Fig. 316 represents, by way of general examples, some of 
the goods in common use. 

The body employed for the manufacture of, these wares is 
almost always a fairly pure vitrifiable clay, so that it does not 








Fico. 316.—Stoneware for Preparing Food and Chemicals. 


need to be washed. It is carefully prepared and principally made 
on the wheel Some pieces, however, on account of their 
shape have to be made in a mould. Lastly, it is only rarely 
that expression can be utilised to make, for example, the 
cylindrical part of pots or bottles, the bottoms and upper brims, 
or the neck, being joined on afterwards. 

For a long time they were burnt in horizontal kilns with 
a single fireplace (Art. 166). We have already given the 
reasons for condemning this kind of kiln; also, it is better to 
replace them by round kilns with descending flames. Fig. 317 
shows a kiln of this description, which can also be used for 
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Fic. 317.—Kiln for Stoneware. 
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burning pipes and other stoneware goods when the production 
is not sufficient to allow of burning them in a continuous kiln 
These kilns can be as much as 23 ft. to 26 ft. in diameter, the 
height not being more than 64 ft. to 10 ft, because, being 
charged in bulk, a greater height would cause the lower rows 
to be crushed when they soften. In the engraving the passing 
off of the gas is shown as being accomplished through a rather 
large number of small openings. This arrangement is specially 
used in burning pipes; for other stoneware a smaller number 
of larger openings can be employed. The openings shown in 
the dome are used for salting, the salt being thus thrown on 
to the fireplaces, so as not to touch the ware. 

This species of stoneware is generally rough or covered with 
a salt glaze, when it is desirable to make them absolutely im- 
permeable. This glaze can be made a deep brown colour, by 
using the method indicated for making tiles black immediately 
after they have been salted. Then there is formed a deposit 
of carbon that becomes incorporated in ‘the glaze while still 
pasty. This trick needs a certain amount of skill. The salt 
glaze is sometimes replaced by a cheap glaze, applied by im- 
mersion, with a brush, or by powdering, on the unburnt body. 
Naturally, this glaze must be vitrified at the temperature that 
suffices to burn the body; it cannot then be plumbiferous. 
As the alkaline-calcareous glazes, the only ones that can be 
used, are somewhat costly, they are sometimes replaced by the 
slag of the blast furnace, or by a mixture of cinders, lime 
and sand. 

Stoneware for preparing food or for chemical purposes is 

manufactured in England in large factories, while in France 
and Germany it is the specialty of a rather large number of 
small potteries, which are grouped together in the neighbour- 
hood of the beds of vitrifiable clay; the quality of these goods 
depends upon that of the clay. 


(e) Architectural Stoneware. 


283. In this name we include those stonewares which have 
begun to be used in the construction and decoration of buildings, 
inasmuch as they are neither pipes nor tiles Except some ancient 
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uses in China, this way of using them is quite recent, but we 
may certainly predict a brilliant future for them. 

The impermeability and hardness of stoneware give it a 
considerable advantage over terra cotta. Unfortunately, this 
advantage is usually largely compensated for by the difficulties 
of manufacturing it, and especially by the tendency of stoneware 
to get out of shape when it is burnt. Up to the present time 
they have not been able to succeed in an ordinary way and as 
an industry except with objects that are little likely to get 
out of shape. Besides, on principle, we ought not purely and 
simply to try to imitate terra cotta, but also to create special 
patterns for stoneware. Thus, for example, fitting tiles, easily 
manufactured in terra cotta, have such a tendency to warp when 
made in stoneware, that, at least when being sorted, there is 
such a large proportion thrown out that the advantage -of 
fitting them together becomes imaginary. 

It is advisable, while on this subject, to again call attention 
to what has been said about the composition of paving tiles 
The fluxes, if they form part of the vitrifiable clay, or, still 
more, if they are added in the shape of limestone, cause the 
softening and loss of shape of the body at the same time as 
its vitrification. This defect can only be remedied by the 
addition of silica, the proportion of which is limited by the 
necessity of keeping the body sufficiently plastic That no 
longer applies if alkaline fluxes in the shape of silicates are 
added to a relatively fireproof clay. Unfortunately, the rocks 
that are sufficiently alkaline are very rare or costly to prepare, 
but they can be replaced by scoria, slag or broken glass It 
seems to us that in this direction it is best to commence, if it 
is desirable to manufacture stoneware goods that are sufficiently 
resistant while being burnt, by borrowing, at least partially, 
the terra cotta shapes. 

Architectural stoneware can be dull, or covered with a 
glaze. For some effects this can be a salt glaze, but, as a 
general rule, it is better to have recourse to more fusible 
glazes, fixed by a second burning at a lower temperature. 
Theoretically, opaque enamels do not for this purpose look 
nice. It is better, in spite of the colour of the body, to make 
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use of transparent or coloured enamels, and even varnishes. 
The latter allow of very beautiful decorative effects being 
obtained, which harmonise better with the architectural de- 
coration than the hard tones of the opaque enamels. 


» 


(f) Vases, Statues and other Decorative Objects. 


284. We have seen in the history of ceramics that the 
Chinese used stoneware from very ancient times for the manu- 
facture of vases and other ornamental objects, and that this 
manufacture began in Europe, in the fifteenth century, in the 
Duchy of Limburg. Since that time it has followed the 
fluctuations of fashion, disappearing completely, then reappear- 
ing again, without, however, at any time being of much 
importance. The first ware obtained by Bôttger, which he 
called by the name of red porcelain, belongs to this class of 
goods. In the last few years it seems that the favour enjoyed 
by stoneware would cause the development of this kind of 
ware. The very meritorious effort of M. Emile Muller will 
have contributed largely to it. 

For these objects, which are rather expensive, bodies of 
different colours can be employed, as we said when speaking 
of tiles, and the care with which they must be saggered 
allow of the using of vitrifiable clays without bad effects. 

The great advantage of this stoneware, as compared with 
porcelain or even calcareous or feldspathic faience, is the 
plasticity of the body, which allows it to be modelled by hand 
without employing moulds. As it lends itself to the same 
process as ordinary modelling clay, it makes the creation of 
original works of art possible, that possess, when burnt, the 
same qualities of resistance and indestructibility as stone or 
bronze, without requiring any retouching, or the troublesome 
working of sculpture. 

We must also observe that the close grain of the body, as 
well as its colour, give a more agreeable appearance to the 
object when modelled in stoneware than when done in terra 
cotta. 

If we consider the decorative shaping should be the prin- 
cipal method of ornamenting stoneware, it does not follow that 
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colour must not be used also; on the contrary, enamels blend 
very well with the more or less coloured background of the 
body, as they have not the hard look that other wares have 
when only partially enamelled. All kinds of glazes and all 
the methods of decoration can be employed; yet gilding, which 
is so suitable for the white body of porcelain when used with 
stoneware, does not generally yield satisfactory results. 


2. Fine Stoneware. 


285. Fine stoneware was invented in England; in other 
countries it has only been imitated by a small number of 
potters) It is somewhat remarkable that, while among other 
European nations enamelled faience, stoneware properly so called, 
and hard porcelain represent very distinct types with decidedly 
marked characteristics; in England feldspathic faience, fine 
stoneware, and phosphated porcelain are the wares that are 
most similar to one another, manufactured by the same methods, 
burnt at about the same temperature, and are often very 
difficult or even impossible to be distinguished from each other. 

The following are some examples of the English composi- 
tions We shall see that the raw materials are the same as 
those used for feldspathic faience, but the proportion of peg- 
matite is increased and that of the flint diminished :— 


Blue clay . . . 10 25 29 45 . 28°5 
Kaolin . . . 15 12°5 14 15 — 
Flint . . . 20 125 — — — 
Pegmatite . . . 55 50 57 40 71:5 


The greater the amount of kaolin, the whiter the body; with 
clay alone it is yellowish. 

The chemical composition of the white bodies is approxi- 
mately the following :— 


Silica. . . . . . . . 70 to75 
Alumina . . . . . . . 20 ,, 25 
Oxide of iron . . . . . . . traces 

Lime . . . . . . . . O‘5to 1 
Alkalies . . . . . . . . 8 , 6 


Heavy spar is sometimes added in large proportion (as much as 
50 per cent.), the amount of pegmatite being lessened in that 
case. 
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The body is coloured by the means already indicated: + to 1 
per cent. of oxide of cobalt gives blue, the same proportion of 
oxide of chromium green; 7 to 8 per cent. of a mixture of oxide 
of iron and oxide of manganese makes brown, etc. For the 
black called basaltic, the pegmatite is replaced by a large propor- 
tion of red ochre and oxide of manganese. The following is an 
example of one of these bodies :— 


Blue clay . . . . . . . . . 43 
Calcined ochre . . . . . . . . 48 
Oxide of manganese . . . - ". . . 14 


The preparation of the body and the moulding are done by 
the same methods as those described for feldspathic faience. It 
is also burnt in the same way, and with much the same tem- 
perature. 

Fine stoneware is frequently dull. Sometimes the surface is 
vitrified by covering the inside of the saggers with a coating 
composed of sea salt, potash and oxide of lead, or of sea salt, 
saltpetre and white lead The lead volatilises, probably in the 
form of a chloride, which glazes the surface of the ware. 

The glazes are almost always alkaline boracic plumbiferous, 
like those for feldspathic faience ; sometimes the oxide of lead 
and a part of the pegmatite is replaced by heavy spar. 





CHAPTER XIIL 


PORCELAIN. 


SUMMARY.—Classification. 


SEC. 1. Hard Porcelain: (a) Porcelain for Table Ware and for Decoration: Com- 
position of the Body and the Glaze—Preparation of the Body—Moulding 
—Drying, Warming and Application of the Glaze—Burning—Saggering— 
Decoration—General Arrangements of Porcelain Works. (b) Porcelain for 
the Fire. (c) Porcelain for Electrical Conduits. (d) Porcelain for Mechanical 
Purposes. (e) Architectural Porcelain. (f) Dull Porcelain, called Biscuit 
Porcelain. 


SEC. 2. Soft Phosphated Porcelain, called English Porcelain. 
SEC. 3. Soft Vitreous Porcelain, called French Porcelain. 

SEC. 4. Soft Vitreous Porcelain, called New Sèvres Porcelain. 
Sec. 5. Argillaceous Soft Porcelain, called Seger’s Porcelain. 
Src. 6. Dull Soft Porcelain, called Parian Porcelain. 

Sec. 7. Dull Feldspathic Soft Porcelain. 


286. Classification.—Porcelains! are impermeable, translucid 
wares with a white body, or else a coloured one, but only for a 
decorative purpose. Their impermeability distinguishes them from 
the terra cottas and faiences, and their being translucid makes 
them differ from stoneware. 

We have seen, when speaking of these latter wares, that 
impermeability is only relative, it is the same with translucidity. 
In order to define precisely this property of matter, it is neces- 
sary in fact to specify the thickness of the body and the intensity 
of the source of light. When only slightly thick, the little 
coloured stoneware and some feldspathic faience that is rich in 
flux possess in fact a relative lucidity. On the other hand, no 


1 Before the sixteenth century this word was used to denote the objects 
manufactured with the mother of pearl from the shell called porcelain. After 
that time it was used, from the similarity of appearance, to indicate Chinese 
ware. French porcelaine, Ancient French, pourcelaine, Italian porcellena, from the 
Latin porca, the vulva of the sow. 
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matter what the kind of porcelain, it becomes opaque when 
the thickness of the body is increased to a sufficient extent. 

Up to the present time there is in existence no precise rule 
for determining at what time opacity ceases and translucidity 
begins. It is a question of appreciation, in which the competent 
potter takes account of all the other physical properties of the 
body and the glaze, as well as of the methods of manufacture which 
this examination may reveal to him. We have not said this in 
order to contest the value of the classification adopted by all 
potters, but in order to point out the difficulties into which one is 
sometimes landed while applying. it. 

Hard porcelain is distinguished from tender porcelain ; these two 
adjectives should be taken first in the sense of their resistance to 
heat, and afterwards of the effective mechanical hardness of the glaze. 

Hard porcelain has a silicious body made of kaolin, with 
the addition of alkaline fluxes or partly calcareous ones. It is 
almost always covered with a glaze, the vitrification of which 
takes place at the same time as the burning of the body, at a 
temperature varying from 1,300° to 1,400° C. The glaze cannot 
be scratched with steel. 

These porcelains form a well-defined group, which is fairly 
easily distinguished from all other wares. From the point of 
view of use, the six following varieties can be principally, if not 
exclusively, distinguished from one another :— 

(a) Porcelain for table ware and for decoration, used, as the 
name indicates, for the service of the table, and as decorative objects. 

(6) Porcelain for the fire, that is to say, intended to be sub- 
mitted to heat. 

(c) Porcelain for electrical conduits. 

(d) Porcelain for mechanical purposes. 

(e) Architectural porcelain. 

(f) Dull porcelain, called biscuit porcelain. 

Tender porcelain, on the contrary, includes a certain number 
of kinds of ware, which are very different from nearly all points 
of view, having scarcely anything in common except that the 
degree at which they are burned is lower than that of the hard 


porcelains, and, when they are not dull, the less hardness of their 
glaze. 
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1. Hard Porcelain. 
(a) Porcelain for Table Ware and for Decoration. 


287. Composition of the Body.—The body for hard porcelain 
is a mixture of kaolin, silica, and alkaline fluxes. Sometimes a 
part of the alkalies is replaced by lime. It is only in very rare 
cases that it is necessary to insist that magnesite or talc has been 
partially substituted for the kaolin. 

The qualities the body for hard porcelain should possess are :— 

1. Sufficient plasticity for it to be suitable for moulding. 

2. A sufficiently high temperature for burning it, so as to 
allow of the employment of a very hard, and consequently of a 
slightly fusible glaze. 

3. As great a translucidity as possible. 

4. Colouring of a slightly bluish white. 

The hydrosilicate of alumina in the form of clay pro- 
perly so called, which serves as a basis for all the bodies 
already described, can no longer be used. It would make bodies 
that were too fusible or too opaque, and which in any case would 
not be of the required whiteness. On the other hand, in the 
form of kaolin, the hydrosilicate of alumina is more fireproof, and 
makes the bodies more translucid and whiter. 

The kaolins, even those that are sufficiently pure to be used 
for the manufacture of porcelain, are very different in composi- 
tion and properties. In order to decide upon their value, the 
constituents of them must first be decided, as said in Art. 49, 
by trying them with sulphuric acid. The part dissolved con- 
tains hydrosilicate of alumina, and, according to M. Vogt’s works, 
some impalpable mica, while the residuum is formed of quartz 
and feldspar. After having made the precise analysis of these 
two parts, the dissolved alkalies may be ascribed to the 
mica, by regarding it as having the composition of muscovite, 

6SiO?, 8A1205, K20, 2H?0, 


and it is agreed that the insoluble alkalies are in the form of orthose 
feldspar, 
6Si0?, Al203, K%0, 


soda being reckoned as potash in valuing the relation of the 
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equivalents. Thus the proportions of the mixture of hydrosilicate 
of alumina, quartz, feldspar, and mica are obtained which make 
up kaolin. 

In spite of this somewhat exact definition, it 1s necessary to 
make a practical experiment in order to find out its plasticity. 
The dimensions, and probably the shape, of the grains of hydro- 
silicate of alumina are in fact more variable in kaolin than in 
clays properly so called So that the less plasticity it has, as in 
the Cornish kaolins, the nearer it resembles that of the plastic 
clays, as in the kaolins from China and Japan. 

It is only after having made this double experiment that the 
quantity of opening materials and fluxes which it is necessary 
te add can be determined, in order to try and get a body similar 
to what was suggested as a type. The opening materials are 
quartz, quartzeous sand, or biscuit porcelain; the fluxes are feld- 
spar, pegmatite, or carbonate of lime. It frequently happens 
that a single kaolin, especially when it is an open one, cannot give 
the needful composition, thus two, or even three, are obliged to 
be mixed together. 

The following are the results of some rather ancient analyses 
of different bodies of burnt porcelains :— 











| 3 
: à = ä 
rd 8 a 
; bd | 
SEE) À ¢ 
a a Ô | =| ao | & 
Sèvres, body for table ware . | 580 | 34°5 — 45 — 3:0 — 
” » sculpture 64:2 80:0 — 2-9 — 2°8 — 
Limoges . . . . . | 70°2 240 | O'7 07 | O1 4°3 — 
Meissen . . . . . | 585 | 85:1 | 08 | O8 | O68 | 50 | — 
i . . . . .; 60°0 | 85:5 — | 06 — 23 | 16 
Berlin . . . . «| 648 | 290 | 06 | 08 | :5 | 86 | — 
Vienna . . . | 596 | 84:2 | 08 1°7 1°4 2-0 — 
Nymphenburg . 72:8 | 184 | 25 | 383 | 0‘8 | O6 | 1'8 
Sch /aggenwalde (Bohemia) 71:5 | 28-4 — O1 | O1 | 8:1 1:0 
China . .1 69°O | 23°6 | 1:2 | 03 — | 83 | 29 
” . . . . . | 690 | 21:83 | 84 | 1:1 — | 34 | 18 
» . . . . . | 700 | 22:2 | 18 | 08 — 8-6 | 2-7 
73°3 | 193 | 20 | 06 — 25 | 2:8 
2-0 | 07 tr 8-2 | 24 


Japan : . . . . | 218 


The following table gives the more recent analyses made by 
Seger on the unburnt bodies :— 
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| 
| 


Alumina. 
Oxide of Iron. 
Carbonic Acid. 


| : 
Sèvres, body for table ware | 52°94 | 28-91 | 0°48 8-99 0-17 | 1:70 | 0°68 9:12 | 2°48 
Limoges, I, Pouyat, super- | | 
fine body . , 64°28 28°49 | 0°87 : 1°77 '' tr. | 1°11 | 3-07 | 5-48 | 0°69 
Limoges, I. Pouyat, ordin- | 
ary body | 64°52 | 22-07 | 0-97 : 2- 10 tr. | 1:35 | 3-18 | 5°60 | 0°57 
Limoges, L. Sazerat, super. | | 
fine body . . ' 64°32 , 28-64 | 0-83 | O: 86 | | tr. | 2 1:82 | 5°98 
Limoges, L. Sazerat, or- 
dinary body . . 60°42 | 26°47 0-52 ' 1:37 | | | 9-75 | 1-60 7-19 | 
Limoges, L. Sazerat, heavy ! | | 
porcelain ; , 60°53 26°37 : 0-75 0°69, tr. | 2 1°44 6°39 
Limoges, Guérin et Cie, 
superfine body  . 65-61' 28-07 0°65 0-80 tr. | 2-94 | 2-72 450 
Limoges, Guérin et Cie, | 
ordinary body . 66-00 22-59 0:36 1:68 ’ 1:80 5°59: 
Limoges, Guérin et Cie, 
body for figures . .| 65°79 23°51 0°31 1:59 ° 1:73 5°89, 
Vierzon, superfine body ./| 66°97 20°92 0°64 2-06 tr. | 2: 0°41 5°43 | 
»» heavy porcelain . | 63°48, 25°00 0:51, 1:06 — | 2°26] 1:19 : 6-76 | 
Hal (Belgium), heavy por- 
celain . 63-95 25°59 0°69 tr. | 0-54 | 2-07 | 098 6-62 
Berlin, body for table ware | 63-07 24-67 0°59 , — |0*40|4°25 (1) 7-00 
Carlsbad . . . .| 66°78 22°70 0°55 | 0-97 | tr. | 1:07 1°51 6-07 
” . . . .| 65°17 23°63 0-51 1:09] tr. | 2°92 ,0°90 5-98 
Japan... .|74:58: 16-09 | 1-03 , 0-06 | 0-25 | 4-87 | 1:19 2:83 
. . . .| 71°31 | 19°74 0:78 | 0°17) — | 4°04)0°10 4-01 
.| 71°60 | 18°71 1:19] tr. | — |4:16 10:18 4:68 : 





(1) The Soda is reckoned with the Potash. 


By comparing the foregoing numbers we can recognise, as 
Seger does, four types of porcelain :— 

1. Sèvres porcelain. 

2. Heavy French porcelain, Hal porcelain, Berlin and Carls- 
bad porcelains. 

3. French porcelain of superfine quality. 

4, Japanese porcelain. 

The respective compositions of these four types group them- 
selves more clearly if the medium ones are taken, by reckoning 


according to the burnt bodies The following figures give this 
calculation :— 


Silica. | Alumina. Oxide 
of Iron. 


59°6 32°6 0°6 


67°8 26°7 0-7 
69-1 24:0 ° 
75°5 19-0 
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By comparing these results with the figures contained in the first 
table of analyses, we see that this division into four types is 
fairly well confirmed. In order to facilitate the comparison, we 
may represent the composition by the symbol 

mRO, Ri0, nSiO? 
in which mRO represents the fluxes, lime, magnesia, potash, and 
soda, R?O* the alumina and peroxide of iron, taken as united 
together, and SiO? the proportion of silica. 

Under these conditions the first type, that is the Sévres, 
according to Seger’s analysis, would correspond to the formula 

0°35RO, R*0%, 3-0SiO?. 
Looking at the other analyses of the Sévres body, and including 
in the same class the bodies from Meissen and Vienna, we see 
that we can give to these porcelains the general formula 
0:80 to 0°35RO, R203, 2:8 to 8-5Si0%, 

The second type, including some heavy bodies from Limoges and 
Vierzon, the porcelains from Hal, Berlin, and Carlsbad, would have 
as a formula 

0°20 to 0°80RO, R?0*, 4:2 to 4°8Si0?. 

The third type, which corresponds to the bodies of superfine 

quality from Limoges, is represented by 
0°40 to 0°-45RO, R40, 4°8 to 5°3Si0?. 

Lastly, in the fourth or Oriental type, the Chinese porcelains 

would have the formula 

0°40 to 0-45RO, R*0*, 5-5 to 6-0SiO, 
and the Japanese 

0°30 to 0°40RO, RO’, 6°2 to 7°4Si0%. 

We know that at the high temperature at which porcelain is 
burnt the silica becomes a fusible element, so that the different 
types of the foregoing bodies are classed in the order of their 
fusibility. According to M. Vogt, the Sèvres body, which is the 
most refractory, is burnt at Seger’s test No. 15 (Art. 180), and 
the Chinese bodies at test No. 12. 

By applying to the four types of bodies defined by Seger’s 
analyses what has already been said on the subject of the con- 
stituents of the bodies, we can gmake out the following table, 
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which rests partly on hypotheses, but nevertheless is interest- 


ing :— 












Soluble Part in the 
Sulphuric Acid. 






Insoluble Part in the 
Sulphuric Acid. 












Carbonate 
of Lime. 













Quartz. Feldspar. 





Type 1 59-80 6°57 12°05 
, 2 48-89 6-28 24°34 20-49 
,, 3 40-99 4:18 98-87 81-01 
4 33-13 9 42-60 





Some bodies of the second and third types also contain a little 
carbonate of lime added directly, but in the others the small 
amount of lime comes from the feldspar. 


As to the plasticity, we see that the European kaolins would 
contain scarcely more than a tenth part of very fine mica, while 
in the Japanese this proportion is as high as 20 per cent. or 
25 per cent. M. Vogt proved by experiment that the impalpable 
mica possesses a plasticity analogous to that of the clay properly 
so called This. great proportion explains in some measure the 
remarkable plasticity of the Oriental bodies We say in some 
measure, because we must admit besides that the hydrosilicate 
of alumina in the kaolins from China and Japan is more plastic 
than that contained in the European kaolins We have some- 
times attempted to make the European bodies as plastic as the 
Oriental ones by adding to them a certain proportion of white 
plastic clay. The desired result has thus been attained, but at 
the expense of the whiteness and translucidity of them. 

Those are the conclusions and theoretical considerations which 
up to the present time the science of ceramics has ascertained 
as to the composition of the body for porcelain. Doubtless they 
will not to any extent replace practical tests, which besides are 
indispensable in all branches of pottery; but they help us to 
arrive more quickly, and in a more reasonable way, at the object 
which we aim at. . 

The raw materials used in France are principally the feld- 
spathic kaolin from Saint-Yrieix, with the addition of a quartz- 
eous stone which is found in the same beds, and a little cement 
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obtained by powdering biscuit porcelain In some cases a little 
carbonate of lime is added, which should be as pure as possible. 
In Germany and Austria, where the kaolins contain very little 
feldspar, a direct mixture of kaolin, feldspar and quartz has to 
be made. 

288. Composition of the Glaze: The glazes employed for 
hard porcelain are silicates of alumina and other bases, principally 
lime and alkalies. According as the alkaline-earthy bases or 
alkalies are in preponderating proportion, the glaze is called cal- 
careous or alkaline (that is to say feldspathic). 

The following table shows the chemical composition of some 


of the glazes :— 








: | 
a 
bat ; 1 = 
É E a | 4 ee 4 
: é 
LES |ÉS | S|S)S) 3 
FI < © ps) À à SE 
| J RES ns |. 
Pegmatite used at Sèvres . | 70°64 | 16°87 | 0‘78 | 1°81 | 0-20 | 4:22 | 4-97 | 0-34 
Pegmatite used at Limoges | 76:11 | 14°61 | 0°66} 1:44 | 0°42 | 2:99 | 3°03) 1-23 
” ” | 75°99 | 14°80 | 0°37 | 1:09 | 0:36 | 4°31 | 8°49 | 0°65 
Glaze used at Berlin . . 73°24 | 13-97 | 0°81) 2°57 | 0°51 | 4°81} 1°71) 3:83 
Japanese Glaze . . . | 61:97 | 12°92 | 0:89 | 9:59 | tr. | 417 | 1-12 | 10-21 (1) 
” ” . . . 1 64°96 | 12°74 | 0-80 | 8‘78 | tr. | 1:95] 2°30| 9 85 (?) 
Chinese sea green glaze . 64:80 | 14°38 | 1°39 | 10-09 | 1:55 | 5°61 | 0°81 | 1°39 (°) 


10°30 of phosphoric acid is included in it, 
30:16 of phosphoric acid is included in it. 
8 Titanic acid. The first analysis is by M. Vogt, the other six by Seger. 


The first four glazes are alkaline glazes, the last three cal- 
careous ones. They may be represented by the following 
formulas, in which RO indicates the fluxes, R*O? the alumina 
and the peroxide of iron :— 


Pegmatite used at Sèvres  . . 1:0RO, 1:07R°0%, 7-45Si0? 
» 5 Limoges . . 1:0RO, 1:00R?205, 8:91Si0? 

» » ” . . 1:0RO, 1:24R?03, 10°84Si0? 
Glaze used at Berlin . . . 1:0RO, 1-12R?0%, 9:58Si0? 
» Japanese . . . . 1-0RO, 0:55R°0*, 4:42Si02 

” n . . . . 1:0RO, 0°59R?0°, 5-04Si0? 
Chinese . . . . 1-0RO, 0-52R10, 8-82Si0? 


These formulas are set out (so as to allow of comparison), like 
those that were given for other glazes, by taking the proportion 
of the fluxes at unit; but, considering the part played by the 
alumina in these glazes, it is better to take that as the unit 


instead. Then they come out as follows :— 
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Pegmatite used at Sèvres . . 0°98RO, 1-0R10), 6:96Si0* 
” » Limoges . . 0'81RO, 1-0R703, 8°74Si0? 

» ” ” . . 0'89RO, 1-0R70*, 8°55Si0* 
Glaze used at Berlin . . . 1-:00RO, 1:0R20%, 8-918i0° 
» Japanese ‘ . . ° 1-82RO, 1-0R103, 8-04Si0? 

» » . . . . 1°:69R0, 1:0R*0, 8-54Si0? 

» Chinese ‘ ‘ . . 1-92R0, 1:0R70°, 7:85Si0? 


We see that the relative proportion of silica and alumina varies 
little, but that, on the other hand, there is double the amount of 
fluxes in the Oriental glazes, which accounts for their greater 
fusibility . 

In France, the pegmatite from Saint-Yrieix is almost exclu- 
sively used as a glaze, either more or less decomposed, and in 
that state it is a mixture of feldspar, quartz and kaolin. Its 
fusibility can be regulated by the addition of a certain quantity 
of quartz, 

In Germany and Austria the glaze is artificially composed of 
a mixture of these three substances. In those countries for a 
long time, and even still partially, calcareous glazes were used, 
in which the lime is introduced either in the form of a carbonate 
of lime, or else as a burnt sulphate of lime. The following, 
according to Préssel, are some examples of these compositions :— 

Quartz . . . . . 34°5 82-0 27°0 50°0 44:0 


Kaolin. . . . . 9-5 70 80  37:5 30-0 
Feldspar . . . . . 82:5 87:0 820 — — 
Carbonate of lime . . . 12:0 11-0 16°5 12°5 — 
Sulphate of lime. . . — — — — 18°5 
Cement of biscuit porcelain . 115 18-0 16°5 — 12°5 


In the East the glaze seems to be composed of a stone similar 
to pegmatite, finely powdered and diluted in milk of lime 

In a general way the calcareous glazes are more transparent 
and penetrate into the body better, the alkaline glazes are more 
milky and need to be applied in a thicker layer. But, as these 
latter give a more velvety and agreeable look to the porcelain, 
they are generally preferred. The burning of the body and the 
glaze is done simultaneously, therefore, naturally, there must be 
a complete agreement between the temperature for vitrifying 
the body and that for burning the glaze. The foregoing analyses 
show the limits within which the respective proportions of 
alumina, silica and fluxes can be varied to attain this end. 

289, Preparation of the Body.—The bodies are always pre- 
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pared by the moist method. The kaolin is first sorted and 
washed, the quartz and feldspathic rocks are also sorted, then 
powdered. By referring to what was said in Art. 91, we see 
that the body may be prepared by two methods. In the first 
the measuring is done when the materials are dry, afterwards 
being diluted and ground together in water, while in the second 
the measuring takes place in a liquid state, the raw materials 
being first diluted and ground separately. 

The first method is the one used at Limoges; the second, an 
imitation of the manufacture of feldspathic faience, is the one 
most used in Germany and Austria. Whatever the method of 
grinding and measuring, the liquid body is afterwards sifted, 
submitted to an electrical purifying, if necessary, and lastly 
made firm in filter presses. It is then in the form of rather 
moist cakes, which, when the bodies are prepared in the same 
works as the manufacture, properly so called, of the porcelain, 
are placed in cellars, where they are kept for a longer or shorter 
time before beiny used for moulding. Im some cases the bodies 
are prepared in special factories, which send out the cakes in a 
moist state, or else after having first dried them in the open air. 

In both cases, before beginning moulding, the body is put 
into a kneading machine, adding to it if necessary the needful 
quantity of water; then it is again kneaded, chiefly to get rid 
of any air bubbles it may contain. These operations were de- 
scribed in Art. 91. 

290. Moulding.—The moulding of porcelain presents much 
greater difficulties than that of any other ware. First, the body, 
which is nearly always a very short one, lends itself very badly 
to all the methods of moulding, which are based on the use of a 
plastic material Then, owing to the ware being softened in 
the firing, and having consequently a tendency to fall in under 
its own weight, it is necessary to give it a variable thickness, 
strengthening the parts on which they will rest in charging and 
diminishing the other parts. Lastly, on account of the consider- 
able shrinkage which takes place at vitrification, porcelain 
also has a tendency to get out of shape if the body of which it 
is moulded is not of an absolutely uniform density in all its 
parts. It is quite sufficient to compress the body, even only with the 


710 TREATISE ON CERAMIC INDUSTRIES. 


and, a little more on one side than the other to make the ware 
warp. 

Even considering these difficulties, the different methods 
already mentioned (Chapter IV.) can be used for moulding por- 
celain. 

We will just repeat them quickly, only remarking on the 
special peculiarities for porcelain. 

Throwing can only consist of the rough form, because the 
slight plasticity of the body necessitates the walls being of an 
undesirable thickness. It ought always to be finished off by the 
body being turned after having been dried a little, or even when 
quite dry. As the quantity of the body to be taken off is important, 
during this latter operation there are formed a great many scraps 
of the body, which are of course put to be used again, and, 
besides, a rather thick dust, which is inconvenient and hurtful 
to the health of the workmen It is necessary to breathe this 
through ventilators, or at least to give the workmen a mask. 

Expression, which is made difficult by the small plasticity of 
the body, is scarcely used, except for taps, or for little special 
pieces. 

Moulding by hand in plaster moulds needs very particular 
care, so as to press the body equally into all parts of the mould 
and to make the joints. Batts of the body must always be 
used that have themselves been made with as much care, not 
lumps but moulded pieces. Besides, these batts ought to be cut 
out exactly in such a way as to correspond, when put together, 
with all the changes of the mould) They rest on a cloth or 
on a damp leather, which is used to lift them up and to put 
them into jthe mould. When they have got into a suitable 
position the cloth is taken away, and the body is pressed lightly 
by means of a sponge, at the same time the joins that are ne- 
cessary being made. The body being dry, this moulding is 
followed by a trimming, in which the ridges are removed, the 
edges are rounded, ete This operation also produces rather a 
large amount of dust, and would need the use of the same 
methods of prevention as the turning. 

Moulding on the jolley is the most usual method of working 
for porcelain, not only because it is the most convenient, but 
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also because most of. the porcelain goods are of a shape that 
lends itself to it. It is always preceded by throwing the batt 
for the flat pieces, the cover for the hollows, which are made 
on the wheel, giving them a very regular form and smoothing 
the surfaces, as this is an indispensable condition The batt, 
or shape, having been applied on or in the mould, it is pressed 
down by means of a sponge, beginning always at the centre. 
For narrow vases into which the hand cannot be put, the sponge 
is fixed on a stick, as we have already said. 

The piece having thus taken its definite shape from the side 
of the mould, it is only in exceptional cases that the other face 
can be simply moulded by the sponge. Almost always it is 
necessary to have a second special moulding. In Germany and 
Austria this is chiefly done with templets, as already described 
(Arts. 109 and 261). In France turning the stiffened body is pre- 
ferred, this being done according to the shape of the pieces on 
vertical or horizontal lathes, the body being still in the mould. 
For some pieces they can wait until they are sufficiently dry to 
be able to be put direct on to the wheel. ' The two methods, 
by templet or by turning, have their disadvantages and their 
advantages. In theory the second one makes pieces -better as 
to quality, but it needs very skilful workmen. 

For flat pieces the following method of working can also be 
used, called jiggering, which was invented at Limoges by M. 
Faure. 

The tools used for this purpose allow of moulding on the 
jigger with templets of all open hollow goods, that is to say, those 
that lend themselves to outside mouldings: plates, stewed fruit 
dishes, bowls, etc. They are made in four operations :— | 

1. Making the batt, by using the method shown in Fig. 
97 (page 217). 

2. Putting the batt in the centre of the plaster mould. 

3. Making the outside shape with a templet. 

4. Turning the edges. 

As we have already said, the batts are moulded on a skin 
stretched round a copper ring, which is itself fitted on to the 
head of the machine. In the centre is placed a lump of clay of 
a definite size, and the machine is set in motion; the templet 
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descends automatically, and ascends in the same way. The 
batt, when finished, is taken up with the skin and the disc, 
and the whole is placed under the circular plate of the shaping 
machine. This plate is lowered in such a way as to place the 
batt on the plaster mould; then it is taken off by putting 
between it and the leather a wooden knife. The plate is 
raised, the wheel is started by leaning on the pedal, and the 
batt is pressed by hand on to the mould with a sponge, passing 
from the centre to the circumference, to prevent any air re- 
maining between the mould and the batt. 


Fic. 818.—Mechanical Making of Plates. 

The bending being finished, the mould is taken away and 
placed on the head of the jigger (Fig. 318). This latter is 
started by leaning on the pedal at the left. A first tool starts 
from the centre and going outwards forms the bottom, then 
it is raised to shape the foot, and descends again along the 
edge. This kind of forming being finished, a second tool, 
which is a real templet, is lowered and gives the final shape. 
The yield of this machine is about sixty plates an hour. 
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It is arranged in such a manner as to be able to obtain 
all round forms by regulating, by means of an upper screw, 
the course of the templet and by using templets with different 
profiles. 

The ware thus cut by the templet is lastly placed on the 
third wheel, where the edges are rounded off and made thinner. 


Fic. 819.— Wheel for forming Oval Pieces with a Templet. 


M. Faure also constructed a machine, shown in Fig. 319, 
for making oval dishes. The batt having been made as we 
have just said, it was shaped by means of a plate balanced and 
guided by two stems; then, this plate having been raised again, 
the frame carrying the templets is made to revolve, these are 
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put in contact with the batt, and the wheel, which is furnished 
with an arrangement to give it an oval motion, is started. The 
templets are arranged as in the preceding machine, only with 
this difference, that the part of the templet that forms the 
edges is moved with a slightly oscillating motion, which 1s 
made necessary by the greater width of the edges on account 
of the large axis of the dish, as this necessitates the inclination 
of them being modified. This oscillating motion is transmitted 
to the templet by a series of levers worked by a roller, under 
which turns the rim of a large plate placed under the mould. 
This rim has various heights; it is raised more in the parts 
which correspond to the long axis, so that it raises progressively 
the roller, to let it descend again, thus modifying the slope of 
the templet. 

Moulding in a press is scarcely ever used except for small 
objects. In that case it is usually done by first throwing the 
body and compressing it by hand afterwards between two plaster 
moulds. The repressing of the stiffened body is employed for 
some special pieces, of which we shall speak further on. 

Moulding by casting is very suitable for the very thin 
body that is used for porcelain, and it is very widely used for 
the making of a number of objects with thin sides, which it 
would be very difficult, if not impossible, to obtain by the 
other processes. This method of fashioning them was described 
in Art. 112. As the thickness of the body, which is put in 
in the regular way, is almost uniform, it can be varied by 
diminishing the absorption of the plaster in certain parts, or 
else by adding a little body by hand and by the sponge while 
the piece is still in the mould. 

The finishing in the manufacture of porcelain is more im- 
portant than in any other ware. The different operations that 
it needs have been described in Art. 113: there is no need to 
repeat them here. 

291. Drying, Warming, and Application of the Glaze.—The 
drying of thin and porous pieces, such as the bodies of manu- 
factured porcelain are, does not present any difficulty. It takes 
place nearly always in the places where they are moulded, 
which are provided with heating apparatus as well. Yet arti- 
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ficial drying sheds can be made use of similar to those employed 
in faience works, especially for drying the moulds. 

We said that, in order to facilitate the application of the 
glaze, the bodies were heated a first time to a temperature of 
about 800° C., using the waste heat from the kilns employed for 
burning them. This preliminary heating, which for some pieces 
is not indispensable, ought not to be considered as a burning, 
but as a stage of the manufacture.. If for this purpose the body 
has to be heated to a temperature sufficiently high in order to 
become somewhat resistant, it must, on the other hand, be guarded 
from too high a temperature, which would have the effect of 
diminishing its porosity too much, and make it. incapable of 
fixing the glaze. This heating is done in saggers, the saggering, 
which is very simple, bemg done in bulk in the inside of the 
same sagyer. 

The ware which has been heated is afterwards carefully 
dusted, then covered with glaze. This latter is in the form of 
a liquid paste, of a consistency which can be varied according to 
the thickness of the layer which is desirable. The thickest 
goods, naturally, ought to have a stronger layer than the thin 
ones. It is nearly always applied by immersion; it is only for 
very fragile pieces that it is done by spraying or by powdering. 
The layer of glaze dries rather rapidly in contact with the porous 
body, and at the end of a short time the burning can be pro- 
ceeded with. 

292. Burning.—Round kilns with ascending flames, heated by 
wood, were for a long time exclusively used for burning por- 
celain. Then the wood was replaced by coal, and descending 
flames substituted for ascending ones. Fig. 162 (page 360) shows 
the arrangements generally used at the present time. The dimen- 
sions of these kilns vary very much, but in order to obtain a 
suitable distribution of the heat it is wise not to have the 
interior diameter more than 16 to 194 feet. The height of the 
burning space is a little less than the diameter. As to the dome, 
it may be a little smaller than the burning space, because the 
saggering of the wares that are not covered with glaze takes 
less room. The number of fireplaces varies from three to eight. 

The slow firing is relatively short and easily managed on 
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account of the very slight amount of damp that the goods con- 
tain. The same applies to the commencement of the hard firing, 
up to about 1,200° C. From that time the atmosphere of the kilns 
ought to become reducing in order to avoid the yellow colour 
due to the peroxide of iron that all bodies contain, and which 
should be replaced by the slightly bluish colour of the protoxide. 
This reducing working would not be difficult to get if there were 
no risk of running into another fault. In fact, the action of 
the hydrocarbides is to be feared, as these, by penetrating by 
diffusing through the walls of the saggers, as we saw in Art. 
177, may, by decomposing, leave a deposit of carbon on the ware. 
When the vitrification takes place this carbon would be incor- 
porated in the mass, and would give it a red colour. We say, 
then, that the porcelain is smoked. When, in the course of the 
burning, it is noticed that the atmosphere of the kiln is very 
clouded by the presence of these hydrocarbides, which have a 
tendency to accumulate under the dome at the place where the 
circulation of the gases is least active, then the reducing working 
must be stopped for some time, and the fireplaces must have an 
oxidising working, thus trying to burn up the deposited carbon. 
The firemen, in their expressive language, call this modifying of _ 
the working by the name of washing the kiln. 

We can understand that it is not easy to find the true 
medium between an oxidising atmosphere or a neutral one and 
an atmosphere that is too reducing, especially where the fire- 
places are difficult to regulate, such as are still frequently em- 
ployed. It is also very necessary that the atmosphere of the 
kilns should be as uniform as possible, that there should not be 
parts where it is extra-reducing. This condition can only 
be obtained by a rational arrangement of the fireplaces. It is 
equally indispensable that all the burning space should be under 
pressure to prevent the air getting in through the walls and 
cracks. For that purpose the openings for letting off the gases 
are made of rather narrow section, and the channels for the 
smoke are allowed to be made wider. 

The dimensions of the hearths depend on the volume of the 
burning space, and especially on the fuel; it is therefore abso- 
lutely impossible to give precise directions in relation to them, 
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because we can give examples of kilns that are working suitably 
in which the dimensions of the grating vary from one size to 
the double of it. As a general rule the hearths used in France 
are too small, or else purer fuel should be used. The length 
of the burning varies from eighteen to thirty-six or even forty 
hours. Naturally, it is to one’s interest to hasten it as much as 
possible, at the same time not passing certain limits necessitated 
by the resistance of fireproof materials to a rapid increase in the 
temperature. 

The first part of the cooling should be in a reducing atmo- 
sphere, until the glaze is solidified. After that the atmosphere 
may be neutral, then below 800° C. it may be oxidising without 
any bad effects. 

The thermic balance-sheet in this class of kiln may, in a 
very general and approximate way, be set down as follows :— 


Heat produced by combustion . 100 ' Heat theoretically useful 0 
: Heat used in the plone - 6 
. Heat lost in charging 88 
| Heat lost by the heating © of the 
walls . . 12 
Heat lost by radiation . . 10 
Heat lost through the chimney 20 
Heat lost by the reducing working 1 
Heat lost by incomplete combus- 
tion . 


100 100 

Fig. 163 (page 362) represents a kiln of the same kind, but in 
which the “ globe ” is below the burning space, and this necessitates 
there being an independent chimney. In theory this type of 
kiln seems preferable to the preceding one. 

At the Berlin manufactory a kiln with continuous firing 
has been used for a long time, which is constructed on the 
system which is represented in Fig. 306 (page 678). As the 
general working of the continuous kilns is always decidedly 
oxidising, in this kiln they have not been able to get the 
reducing atmosphere which is necessary for burning porcelain, 
except by various expedients, the principal one consisting of 
cooling rather rapidly the compartment of which the burning 
has just been finished, so as to solidify the glaze and thus pro- 
tect the body against the oxidising action of the air. The 
results attained by this kiln were not satisfactory enough from 
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an economical point of view to induce the German porcelain 
makers to imitate this example. 

We do not think that, in the présent state of the porcelain 
industry and of the knowledge of industrial physics, burning 
with a continuous firing can be used with any great advantage. 
We would repeat on this subject the argument that we used 
as to burning faience (Art. 263), but with this aggravating 
circumstance, that the economy would reach scarcely 10 or 15 
per cent., and would be compensated by the annoyances of a 
much longer burning and important modifications in existing 
factories. Rather would we copy the Chinese and use some kinds 
of semi-continuous kilns. Yet we believe that progress may be 
made, but more by better construction of the present kilns, and 
by using gas heating when fuel can be procured cheaply, that 
is suitable for burning in gas generators and which cannot be 
used in furnaces with hearths. 

293, Saggering.—The great trouble of burning porcelain, 
looked at from all points, is saggering. Nearly all pieces have 
to be supported separately, therefore it is necessary to use not 
only saggers, as in faience, but also to place supports in them, 
which naturally increases the dead weight as compared to the 
useful weight. Besides, the high temperature at which they 
are burnt necessitates the using of saggers and supports made 
of fireproof materials of superfine quality; the wear of them 
is also very considerable. If we notice that the dead weight 
is usually four times the weight of the pottery, and that the 
supports must be set in so that the ware will not get out of 
place, we shall understand the important part that saggers play 
in the manufacture of porcelain. | 

The piles of saggers are arranged in the kilns in the same 
way as when burning faience, but the saggering is entirely 
different. In theory, each sagger is composed of an outer part, 
which is usually circular, and of a support suspended inside, 
so that there is only one piece in a sagger. Fig. 320 shows an 
arrangement of this kind. For very flat objects, such as plates, 
we can manage to put three pieces in a sagger, by using the 
arrangement shown in Fig. 321. In these two examples, the 
wares rest on their feet, the lower surface of which that is in 
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contact remaining unglazed without any disadvantage. Besides, 
they can be prevented from sticking by powdering the bottom 
of the sagger with a little quartzeous sand or by smearing 
the part in contact with a little fireclay. In some special cases 
it is better to put the objects on their upper edges, but these 
edges, being necessarily left without glaze, should afterwards 
be gilded. Some larger pieces, or those whose foot is too 
small, ought to be supported to prevent them getting out of 
shape or sinking down. The parts in contact with the supports 
must remain unglazed, and are decorated later. In some cases 
the wgre is obliged to be held up from the inside by means of 
pieces or supports of unburnt body. These pieces can naturally 
only be used once. Lastly, for goods of large dimensions, it is 
necessary to construct in the kiln real muffles, which are 
usually placed on the top of several piles of saggers. 


Fics, 320 and $21.—Methods of Saggering. 


Such is a very brief summary of the principles of saggering 
porcelain. The application of them needs a great deal of 
practice, much care, and the knowledge of a number of little 
special expedients, 

Burnt ware that has the foot slightly out of shape can 
be touched up on horizontal mills of cast iron, that are turned 
very quickly, and are covered with sand and water, similar 
to those used for polishing stove tiles. Polishers are also used 
for taking off the little grains of sand or the pieces of the 
saggers which very often fall on to the ware while it is being 
burnt and become incorporated in the glaze. These polishers, 
which are like those used in glass making, are of hard stone- 
ware, or of a mass, composed of porcelain body with the 
addition of some quartz, which has been heated through. 
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294. Decoration. —The decoration of hard porcelain presents 
some peculiar difficulties We have seen that, as regards the 
decorative moulding, the slight plasticity of the body makes 
it very difficult to manufacture a number of objects, the exe- 
eution of which, on the contrary, would be relatively easy in 
faience or stoneware. Doubtless the Chinese found out some 
expedients in moulding, but the body they use is more plastic 
than ours, and the hand labour is not so dear. 

Decorating with colour presents difficulties of another kind. 
On account of the high temperature at burning takes place, 
there is only a small number of colouring materials which can 
be employed for hard firing. 

The colouring of the body can be obtained by some of the 
following colours :— 

Blues.—Oxide of cobalt, the shade being modified by a mix- 
ture of oxide of chrome or oxide of uranium. It is necessary 
to frit the oxide of cobalt with zinc first, before mixing it with 
the body. 

Grey.—Oxide of iridium and platinum. The shade can be 
made prettier by a mixture with oxide of cobalt. 

Yellow.—Oxide of uranium. 

Browns.—Mixtures in various proportions of chromate of iron 
and oxide of manganese. 

Rose.—Mixture of alumina anhydride and chromate of potash, ~ 
first heated in the hard firing with an oxidising atmosphere, and 
afterwards added to the body. 

The introduction of these colouring materials into the body 
naturally has the effect of making their fusibility vary, and it is 
necessary to modify the composition of them by the addition 
either of kaolin or else feldspar. 

The wnder glaze colour is very little used on account of the 
difficulty of putting it on the biscuit, and in consequence of the 
small number of colours that can be employed. Only one, oxide 
of cobalt, has sometimes been made use of. Yet the oxides of 
uranium, chrome, iridium, and a mixture of chromate of iron and 
oxide of manganese, etc., might also be used. These oxides are 
generally mixed with some of the body, heated in the hard fire, 
and then put on to the biscuit. It is then necessary to fix the 
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colour by warming the- body through before the glaze is applied. 
Generally, the colours thus obtained are a little dull, on account 
of the opaline transparency of the glaze. 

It has been tried to put the colour on the unburnt glaze, 
but it is difficult to apply it, and this process is scarcely ever 
employed. | 

Over glaze colouring can be obtained in hard firing by 
putting the colour on the vitrified glaze and heating it a second 
time in saggers, with an ordinary burning. The colours used thus 
have a flux added to them, which is the ordinary glaze, more 
or less modified by the addition of some alkaline-earthy bases. 

M. Peyrusson has specially studied this kind of decoration, 
and has arrived at making a sufficiently extensive pallet. 

Theoretically, in order to prevent the action that the flux may 
exercise on the colour, it is necessary first to give the composi- 
tion of light red to the latter, that is to say, to combine a pro- 
toxide with a sesquioxide. The colour, when thus composed, 
may be represented by the formula 

RO, R*0*, 


in which RO représents a colouring protoxide or an alkaline 
earthy base, and R?0% some alumina or a colouring sesquioxide. 
Among the combinations of this kind that are the most used we 
may mention :— 


Aluminate of cobalt . . . . CoO, Al?0% 
Aluminate of zinc and cobalt . . {600 }aros 
Aluminate of chrome . . . CrO, Al*0* 
Chromate of cobalt . . . . CoO, Cr?0? 
Chromate of iron . . . FeO, Cr30', etc. 


These compounds, having been heated in the hard fire, are ground 
and a flux is added to them. 

On the other hand, other very stable oxides, such as those of 
titanium, uranium, platinum, iridium, can be used direct. 

The colours thus obtained are black, blue of different shades, 
emerald green, yellow, various browns, rose, brick red. This 
method of decoration in the hard firing, without having the 
brilliancy of the transparent enamels of faience, is yet of a much 
richer and more brilliant colouring than that which can possibly 


be got with muffle firing. 
46 
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Over glaze colouring with muffle firing is, however, much 
more used. It is based on the employment of the vitrifiable colours 
of which we spoke in Art. 193, the burning being done in a muffle 
at the test for gold. 

These vitrifiable colours are most often manufactured in special 
works, and can easily be procured in commerce. Yet some fac- 
tories prepare them themselves, at least in part. The colouring 
oxides are, as we said, mixed with fluxes; the following is the 
composition of the principal ones, with the names given to them 
in the vitrifiable colour trade :— 


Rocaille Flux. 
Oxide of lead . . . . . . . . 75 
Silica . . . . . . . . . . 25 
(Used for blues and the reds from iron.) 
Flux for Greys. 
Oxide of lead . . . . . . . . 66 
Silica . . . . . . . . . . 22 
Melted borax . . . . . . 2 Te 11 
or 
Oxide of lead. . . . . . . . 60 
Silica . . . . . . . . . . 15 
Melted borax . . . . . . . . 25 
(Used for greys, yellows and light browns. ) 
Flux for Carmine, 
Oxide of lead  . . . . . . . . 11 
Silica . . . . . . . . . . 33 
Melted borax. . . . . . . . 55 
(Used for carmine and light purple.) 
Flux for Purple. 
Oxide of lead . . ok . . . . 87°5 
Silica . . . . . . . . ou 12°5 
Melted borax. . . . . . . . 50°0 
(Used for purple and the violets made from gold.) 
Flux for Violet. 
Oxide of lead . . . . . . . . 67°5 
Silica . . . . . . . . . . 5:0 
Melted borax . . . . . . . . 27°5 
(Used for violet.) 
Flux for Green. 
Oxide of lead . . . . . . . . 78 
Silica . . . . . . . . . . 18 
Melted borax . . . . . . . . 9 
or . 
Oxide of lead . . . . . . . . 70 
Silica . . . . . . . . . . 10 
Melted borax . 20 


(Used for the chrome greens, blue greens and yellow greens.) 
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Flux for Tirquoise. 

Oxide oflesd . . . + . . . . 85 

Melted borax. . . . . + + +. 65 
(Used for turquoise blue, sea green.) 

. At the low temperature of the muffle firing all the colouring 
oxides can be employed; there is therefore no need to repeat 
this subject. The colour is applied either with a brush, or else 
by chromolithography (Art. 193), 

All the other processes for decoration already described, 
gilding, silvering, putting on platinum, lustres, etc, can naturally 
also be employed. 

In Fig. 178 (page 376) was represented the type of muffle 


Fig. 822.—Muffle Kiln. 


kiln in general use. For large quantities a series of muffles side 
by side are sometimes used, so as to obtain a heating with 
continuous or semi-continuous firing. For small quantities, or 
for heating pieces that need special care, little muffies are used, 
such as those shown in Fig. 322, 

In any case they are charged in slips, and, except in some 
special cases, as, for example, for metallic lustres, the working 
of the fire is always decidedly oxidising. 

295. General Arrangements of Porcelain Works.—The manu- 
facture of hard porcelain is concentrated in France, except in 
some rare instances, in the departmente of Haute-Vienne and 
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Cher. In Germany it is more scattered, but the principal centres 
of production are to be found in Saxony, Bavaria, Thuringia 
and Silesia. In Austria, on the contrary, it is concentrated in 
Bohemia. There are also some factories in Belgium, Denmark, 
Russia (Finland and Poland), Italy (Tuscany), the United States 
(New Jersey and Ohio), China (Kiang-Si), and in Japan. We 
know that hard porcelain is not made in England. | 

The porcelain works have generally been placed in the 
neighbourhood of the beds of kaolin and fireclay. In some 
cases, on the contrary, it is the neighbourhood of coal mines 
or forests that has been taken into consideration. 

In a general way it is agreed that, for manufacturing 1 cwt. 
of porcelain, 8 cwt. of various raw materials must be used: 
fuel, fireclay, kaolin, feldspar or pegmatite, quartz, plaster (for 
the moulds), etc. As all these products cannot be found in 
one single locality, it is necessary, in choosing the site for a 
new factory, to take into account the different expenses of trans- 
port, and especially that of the fuel. It is equally necessary 
to think about hand labour, because professional skill plays a 
large part in moulding, saggering and decoration. 

As in faience factories, the manufacture is done in buildings 
with several storeys, the preparation of the body and the 
making of the saggers being on the ground-floor, the moulding 
and decoration in the upper storeys. The kilns are generally 
placed outside, but near the buildings. 


(6) Porcelain for the Fire. 


296. By this name are called porcelain objects intended 
for heating liquids. They are used in chemical industries, in 
_ laboratories, and for domestic purposes They are capsules, re- 
torts, crucibles, tubes, saucepans, dishes, coffee pots, etc. 

The composition of the body scarcely differs from that of 
the other hard porcelains, yet, in a general way, it is less 
silicious and more aluminous. For example, the following is 
the composition of the fire porcelain from Bayeux, which is 
thought a great deal of in France :— 
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Silica. . . . . . . . . . 61°61 
Alumina . . . . . . . . 80°01 
Oxide of iron . . . . . . . . 1°56 
Lime . . . . . . . . . 8°56 
Potash . . . . . . . . . 3°26 


The body when burnt is less translucid than that of the 
porcelain for table ware, but it resists better the sudden 
changes of temperature. It ought to be manufactured with 
an argillaceous kaolin, or, if that cannot be got, by an addition 
of a certain proportion of plastic clay. There is no difference 
in the manufacture of it and of what has just been described, 
the more plastic body lending itself better to moulding. As 
the objects ought to be thin, so as to be better able to resist 
the inequalities in expansion, they are frequently moulded by 
casting. 

Porcelain for the fire is manufactured by some porcelain 
factories, which make a speciality of it. 


(c) Porcelain for Electrical Conduits. 


297. The non-conductibility of porcelain causes it to be 
employed in the making of insulators for electrical conduits. 
For a long time that use was limited to the making of insulators 
for the telegraph, it has now extended to a rather large number 
of objects in current use in the distribution of the electric light. 
Fig. 323 represents some of these uses! The bodies employed 
ought to be rather plastic, so as to lend themselves to a mould- 
ing which is often complicated, the transparency being evidently 
quite a secondary matter. In theory, they are fashioned by 
casting them in a mould, this being followed by the body, when 
stiffened, being repressed, with strike presses, the whole being 
sometimes completed by finishing on the lathe, which is specially 
intended to perfect the filleted parts. We thus produce objects 
which, as the latter engravings in Fig. 323 show, are so exact, 
that they seemed, even a few years ago, to have been made by 
machine. 

The manufacture has become the speciality of some porcelain 
factories in Germany, France and England. 


1 These engravings are from the catalogue of MM. Parvillée Frères et Cie. 
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(d) Porceluin for Mechanical Purposes. 


298. The hardness of porcelain, and its resistance to cracking, 
allow it, in some cases, to be employed for mechanical pur- 
poses. The principal object, then, is to prevent contact between 
the}‘metal and the materials to be ground or powdered. Every 
one knows the porcelain mortars that were used in laboratories 
for a long time. On the other hand, we have already spoken 








Fic. 828.—Porcelain Objects for Electrical Channels. 


of the coverings of stoneware, or, better still, of porcelain, that 
are used in Asling cylinders. Lastly, M. Wegmann has, more 
recently, used porcelain for making the outer covering of the 
mills for grinding corn. In the last case, the ware is unpolished. 
As it is especially necessary to have a very hard article, and 
one of very exact shape, it is made as we have just said in 
speaking of the porcelains used for electricity. After being 
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thrown in the mould, the stiffened body is repressed with 
hydraulic presses. There is nothing particular as to the burning 
in the hard firing, but it is afterwards necessary to turn the 
shape very exactly. This is done by means of a tool in black 
diamond, the only material that can be used in the trade whose 
hardness is greater than that of the porcelain. 

We are certain that there are still a large number of cases 
in which, in machinery, the remarkable qualities of hard por- 
celain could be used with advantage. 


(e) Architectural Porcelain. 


299. The Chinese have for a long time used porcelain in 
architectural decoration, and even in the construction of the walls. 
The famous porcelain tower of Nanking dates from the dynasty 
of the Thai-Yong-Youen (954 to 1368). Yet porcelain is not 
suitable for making thick materials, not only on account of its 
high price, but especially in consequence of its great shrinkage, 
which makes it, so to speak, impossible. We can, it is true, get 
over this difficulty by making the materials hollow, with rela- 
tively thin sides, but as the object is evidently only to make the 
outside that is seen of porcelain, we fall back on wall tiles as 
the best. 

For architectural decoration evidently porcelain can be used, 
but in that case we do not see what advantage there is over 
stoneware, while its high price, and especially the difficulty of 
making it, are serious drawbacks. Extreme hardness and trans- 
parency, these two qualities, which make hard porcelain the most 
perfect material for table ware, lose their importance when monu- 
mental pottery is wanted. So as not to be too dogmatic, we 
may admit of the use of architectural porcelain for some fine, thin 
decoration with sharp edges, but we do not think that this use 
will ever be greatly extended. 


(f) Dull Porcelain, called Biscuit Porcelain. 


300, The body for hard porcelain can naturally be burnt 
directly in the hard fire without being covered with a glaze. 
The goods thus obtained are very improperly called by the name 
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of biscuit porcelain!; they consist principally of statuettes or 
other decorative objects. 

The most plastic porcelain body is almost always used, called 
body for sculpture, which is also used in the making of other 
decorative porcelain. When a special body is prepared it is given 
a composition akin to that used at Sèvres. Seger indicated the 
following composition as giving very beautiful productions :— 


Silica. . . . . . . . . 58°3 
Alumina . . . . . . . . . 83°2 
Oxide of iron . . . . . . . . 0-5 
Lime . . . . . . . . . 0°8 
Alkalies, chiefly potash . .  _ . . 7-2 


It is formed of fifty-four parts of Zettlitz kaolin, forty-five parts 
of Norwegian feldspar, and one of marble, mixing 30 per cent. of 
cement of the burnt mass to 70 per cent. of the raw body. The 
burning takes place at No. 9 of Seger’s tests. 

The moulding, saggering and burning of these dull porcelains 
are done in the same manner as for glazed porcelain. 

The only thing to be noticed is that the body must remain 
dull and not commence to vitrify, which would give it a greasy, 
shiny look which is not agreeable. 


2. Soft Phosphated Porcelain, called English Porcelain. 


801. Among the different sorts of tender porcelain, the only 
one that has any industrial importance is the phosphated por- 
celain, almost exclusively manufactured in England. This por- 
celain has the great advantage over hard porcelain that it 
requires a much lower temperature for burning it, and conse- 
quently of being less costly and easier to decorate. Although 
moderately translucid, the body is milky white, resembling ala- 
baster. On the contrary, the great disadvantage of it is the one 
which prevents its being taken up outside England, namely, its 
lack of hardness and its quickly wearing away when used for 
table. It is very curious that the English continue to prefer this 
porcelain, one of the first kinds discovered, when they could so 

11t is probable that porcelain heating has been called by the name of 
biscuit from the ;similarity of look between it and some food stuffs, but it is 
entirely wrong to give the same name to unglazed porcelain burnt in hard 


firing, which has not at all the same appearance. In any case, this title does 
not indicate a double burning. 
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easily manufacture hard porcelain, which is preferred in all other 
countries. 

The body varies somewhat in composition. The following, 
according to Prôssel, are some examples of the mixtures, but 
simply by way of suggestion :— 


Kaolin , . . 80 28 23 — 28 30 
Pegmatite . . 18 80 81 28 27 7 
Plastic clay . . — — 28 — 4 
Quartz . . . — — — 14 — 8 
Biscuit cement . 5 — — — — — 
Calcined bones . 47 41 46 46 46 50 
Alkaline frit . — — — — 3 6 
This frit is composed of 
Pegmatite . . . . . . . 56 or 60 
Quartz . . . . . . . . 20 ,, 30 
Soda . . . . . . . . . 8 ,, — 
Borax . . . . . . . . 8 ,, 10 
Oxide of zinc . . . . . . . 8 ,, — 


Plastic clay is only added to the bodies in order to increase 
their slight plasticity. It thus makes them more easy to 
mould, but at the expense of their translucidity and whiteness ; 
also, the bodies which contain any are only used for making 
porcelain of inferior quality. The special characteristic of this 
porcelain is the use, in the composition of the body for it, of 
a very large proportion of calcined bones (see page 82), which 
are composed chiefly of phosphate of lime, a little carbonate 
of lime and some traces of carbonate of magnesia. 

This composition of the glaze is very nearly that for feld- 
spathic faience, that is to say, that it is alkaline-boracic 
plumbiferous, 

These are three examples of the composition :— 


Frit. | 
Kaolin e e e e e ° ° 34 — 12 
Pegmatite . . . . . . — 88 20 
Quartz . . . . . . . 14 24 15 
Carbonate of lime. . . . 18 11 18 
Borax . . . . . . . 84 27 85 
Glaze. 
Frit . . . . . . . 70 60 65 
Pegmatite . . . . . . 9 20 11 
Quartz . . . . . . . — — 11 
White lead . . . . . . 21 20 13 


The body is naturally prepared by the moist method; yet 
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in most factories the measuring is done at the present time 
with the raw materials in a powder and not in slip. The 
body, which is only slightly plastic, presents the same difi- 
culties in moulding as that for hard porcelain. The most usual 
method is moulding on the wheel, or, much more rarely, by 
hand in plaster moulds. The warming through is also done 
in the ‘‘domes,” the pieces being charged in bulk in saggers. 
However, for the best qualities of body, that is to say, those 
richest in phosphate and alkalies, it is necessary to dust over 
the surfaces that come in contact with some quartz, so as to 
prevent them sticking. The temperature at which the biscuit 
is burnt is nearly the same (although perhaps a little higher) 
as that for burning feldspathic faience, consequently the two 
wares are sometimes burnt simultaneously. 

As the biscuit is scarcely porous, the glaze ought to be rather 
thick, it being applied by immersion. 

The thickness of the layer of glaze is less than for hard 
porcelain. 

The hard firing is done in the same way as for hard por- 
celain. Yet the saggering is relatively easier. It is mostly 
done by using the method shown in Fig. 293 (page 653). 

The colouring may be under glaze, by the processes em- 
ployed for feldspathic faience, or over glaze, as has just been 
described for hard porcelain. Lithographic printing over glaze 
is also frequently employed, the decoration being touched up 
with vitrifiable colours put on with a brush. The backgrounds 
can be made by covering the glaze with a lithographic varnish 
and dusting on some vitrifiable colour. The methods of de- 
coration are, aS we have seen, more numerous than for hard 
porcelain and the muffle colours are more brilliant, because 
the glaze, which is more fusible, agrees better with the vitrifiable 
colours. Yet all these advantages are acquired at the expense 
of solidity ; besides, the decorated English porcelains are rather 
objects of luxury than objects for everyday use. 

The manufacture of phosphated porcelain, as well as that 
of faience and fine stoneware, is done in England in Stafford- 
shire, where a great many factories produce all three kinds of 
ware at the same time. 
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3. Soft Vitreows Porcelain, called French Porcelain. 


302. This porcelain, which is also sometimes called by the 
names of fritted porcelain or Réaumur porcelain, was, as we 
have seen in the history of pottery, the first that was made 
in France. The discovery of hard porcelain caused it to be 
abandoned. Yet, from time to time, new trials of making it 
are taken up, but generally they are of short duration. As 
already remarked, this material is not a ceramic production, so to 
speak, but a glass. Its use, its appearance, and the processes of 
its manufacture, however, cause it to be classed among pottery. 
The body was composed in the following manner .— 


Frit. 
Fontainebleau sand . . . . . . . 60:0 
Saltpetre (mineral crystal) . . . . . 22:0 
Grey sea salt . . . . . . 772 
Rock alum . . . . . . . . . 8-6 
Alicante soda. ‘ . . . . . . 8°6 
Montmartre gypsum . . . . . . . 3-6 
Body. 
Frit . . . . . ‘ . . . 75 
White chalk . . . , 17 
Calcareous marl from Argenteuil, washed - 8 8 


Only the parts of the frit that were quite vitrified were used; 
these were ground and added to the chalk and marl, then ground 
again in water, in such a way as to obtain an absolutely impalp- 
able paste. This was dried, then turned again into a paste by 
the addition of some water, green soft soap, and parchment size. 

The fashioning, which was very difficult on account of the 
almost entire absence of plasticity, could only be done by mould- 
ing, putting a thick layer of body into a plaster mould that had 
the outside form of the object, and compressing it with a chuck, 
also of plaster, which roughly represented the form of the inside 
space, only smaller. When dried, the making was finished by turn- 
ing. 

The burning was entirely different from that of hard porcelain, 
in fact, it consisted, as in the case of faience, of a first heating, 
which vitrified the body; a second burning, intended to fix the 
glaze, being at a lower temperature. For the first burning the 
saggering was very difficult on account of the softening and 
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great shrinkage of the body. The objects were obliged to be 
held up with supports of a suitable shape, made of raw body, 
that would shrink the same as the ware. 

The glaze was composed of 


Litharge . . . . . . . . . 88 
Fontainebleau sand . . . . . . . 27 
Calcined flint. . . . . . . . 11 
Carbonate of potash . . . . . . . 15 
Carbonate of soda . . . . . . . 9 


It was melted, then ground -two or three times, powdered and 
put on by pouring. The second burning was easier, the pieces 
being simply stood on their bases, either in glazed saggers or in 
mufiles. 

The colouring was naturally over glaze only, the colours 
having the addition of a rather small proportion of alkaline 
fluxes. They are rather brilliant, and harmonise remarkably well 
with the glaze. 

We may remark that the body is a silicate of lime and 
alkalies, containing very little alumina, and it may be approxi- 
mately represented by the formula :— 


0-70Ca0 
0‘15K20 joo Al?08, 3:5Si02. 
0°15Na?0O 


If we compare it to that of plate glass, 


0-20Ca0 | oa: 

D BON a2 lo OBAl0, 8-8Si0?, 

we see that, except for the division of the fluxes, there is a com- 
plete analogy between them. 


As to the glaze, that corresponds nearly to the formula 


0-46PbO 
0°31K?0 fa-asion 
0-23Na°0 

that is a glass analogous to strass. 

Vitreous porcelain is then a hard glass, heated to a tempera- 
ture that is not sufficient to melt it, but enough to give it a 
milky transparency, which is covered over with another soft glass. 

This porcelain was manufactured at Sevres, Saint-Amand, 
Saint-Cloud, Sceaux, Mennecy, Tournay, and Arras. 
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4. Soft Vitreous Porcelain, called New ‘Sevres Porcelain. 


303. In 1884 the manufacture of Sèvres, after long experi- 
ments for the purpose of finding a porcelain which would lend 
itself better to decoration than hard porcelain does, and especi- 
ally that would take the turquoise blue from copper, brought out 
a new kind of ware, to which the name of New Sèvres porcelain 
was given. | 

The following are some particulars about this ware, which 
are based chiefly on the work by MM. Lauth and Dutailly, 
entitled Experiments on Porcelain. 

The body is composed in the following manner :— 


Frit. 
Sand . . . . . . . . . 77 
Carbonate of soda . . . . . . 8°5 
Saltpetre . . . . . . . . 16°5 
Chalk . . . . . . . . . 18°4 


It is a true glass, which is melted, then powdered in water. 
Then its composition is :— 


Silica . . . . . . . . . 77:0 
Lime . . . . . . . . . 10°3 
Potash . . . . . . . . . 5°0 
Soda . . . . . . . . . 77 


It enters into the composition of the following body :— 


Body. 

_ Fontainebleau sand . . . . . . 49°02 
Frit . . . . . . . . . 27°45 
Chalk. . . . . . . . . 16°66 
Plastic clay from Dreux. . . . . . 6°86 


Consequently, when burned, the composition becomes :— 


Silica . . . . . . . . . 80°81 
Alumina. . . . . . . . . 2°62 
Potash . . . . . . . . . 18°27 
Lime . . . . . . . . . 1°50 
Soda . . . . . . . . . 2-80 


which may be represented by the formula 


0°81Ca0 
0-06K°9 locoaror 4-6Si0?, 
0‘13Na0° 
We see that this composition is somewhat similar to that of 
the preceding porcelain, from which it differs only in a larger 


proportion of lime in relation to the alkalies, and a slightly 
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greater amount of alumina and silica as compared with the 
fluxes. 

The body, although slightly more plastic than that of French 
porcelain, is, however, still very weak, and the moulding must 
certainly present some difficulties that are more easily overcome 
when objects of luxury are manufactured than when a trade is 
attempted to be made. 

The first burning, which is at a temperature corresponding to 
Seger’s test No. 9, is for the purpose of vitrifying the body; this 
then is not, as in hard porcelain, a burning into biscuit or a 
warming through. The saggering is the same as for burning 
hard porcelain with hard firing. 

The glaze is composed of 


Sand . . . . . . . 25°52 or 85°15 
Chalk . . . . . . . 8°60 ,, 7:48 
Pegmatite . ° . . . . 65°98 ,, 7°48 
Feldspar . . . . . . . — ,, 57°42 


corresponding to 


Silica . . . . . …. 75°20 or 75°09 
Alumina . . . . . . . 12°26 ,, 12-24 
Lime . . . . . . . 5°05 ,, 4°32 
Alkalies . . . . . . . 7°49 ,, 8°36 


The medium composition can be represented by the formula 


0°45CaO 
0°55K20 and NaîO 


0-64A1203, 6°77Si0?, 
which, by employing the same notation as for the glazes for 
hard porcelain (page 707) becomes 

l'ORO, 0°64R*05, 6-77Si0°. 

This glaze distinctly distinguishes the new porcelain from 
the French soft porcelain, the glaze of which, an alkaline 
plumbiferous one, is a “‘ varnish” (vernis). 

It is applied either by dusting or by immersion, the glaze 
being vitrified at a lower temperature, and the pieces being charged 
‘in saggers without any difficulty. 

The decoration, which is the essential purpose of this class 
of ware, may be either under glaze or with coloured glazes, and 
naturally over glaze also. The temperature of the hard firing 
is sufficiently low to allow of the use of the blue from copper 
and of the reds from iron. 
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5. Argillaceous Soft Porcelain, called Seger’s Porcelain. 


304. This porcelain has been manufactured since 1886 at 
the factory in Berlin. The following is an extract from the 
work published at Seger’s death by the title of Seger’s Gesam- 
melte Schriften. Seger’s object in seeking a soft porcelain was 
the same that was followed at the Sévres pottery when the 
new porcelain was invented. But the different starting-points 
led to very different results as well. While at Sèvres they 
started from French soft porcelain, Seger took as his pattern 
the Japanese porcelain. The following are the different com- 
positions of the body at which he stopped :— 


Plastic clay (Lithainer Thon) . . 81:0 15°5 15°5 
Zettlitz kaolin . . . . . — — 18°0 
Sennewitz kaolin . . . . _— 19:0 — 

Feldspar . . 80:0 80:0 30°0 


Powdered Hohenbocka sand . . 89-0 35-55  41°5 
Pure Clay. Sand. 
The plastic clay contains . 81 19 
Zettlitz kaolin ” . . . . 97 3 
Sennewitz kaolin ,, . . . . 65 85 
On the other hand, the chemical composition is approximately 
the following :— | 
Silica . . . . . . . . . 77:0 to 77°5 


Alumina. . . . . . . . 17°0 ,, 17°5 
Lime . . . . . . . . . 0°30 
Magnesia . . . . . . . . . 0°20 
Potash . . . . . . . . 8°75 to 3°80 
Soda . . 0°65 ,, 0°70 


which can be represented by the formula 
. 0‘38R0, R*05, 7°78i0?. 
If we turn back to the composition of Japanese porcelain 
(Art. 287) we see that it is almost identical as to rational 
analysis. 


The glaze is composed of 


Pulverised sand . . . . . . . 27°83 or 21°0 
Zettlitz kaolin . . . . . . . 180, — 
Sennewitz kaolin . . . : . . — ,, 19°2 
Feldspar . . . . . . . . 42°1 ,, 42°1 
Marble . . . . . . 177 ,, 17-7 


it corresponds to the formula 


0‘8K20 
which is that for Japanese glazes. 


0:7Ca0 }o5Aro* asiO?, 
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The foregoing tables show that Seger arrived at imitating, 
entirely from a chemical point of view, the Japanese porcelains, 
but the same does not apply as far as the physical properties 
are concerned. Seger’s porcelain is less translucent, less hard, 
rather fragile, of a tint that is almost always slightly yellowish. 
The body should be plastic enough to lend itself easily to 
moulding; like hard porcelain, it was warmed through, then 
burnt in hard firing at a temperature that fused Seger’s test 
No. 9. It is this comparatively low temperature for burning 
it, the same as for the New Sevres porcelain, which, as well 
as its slight hardness, has caused us to put this ware among 
the soft porcelains. 

It naturally is suitable for the same class of decoration as 
Oriental porcelains, and can only be reckoned, even in the 
opinion of its inventor, as a pottery for objects of luxury. 


6. Dull Soft Porcelain, called Parian Porcelain. 


305. The different kinds of soft porcelain of which we 
have just been speaking can naturally, like the hard por- 
celains, be burnt in the hard firing without any glaze. Yet 
up to the present time only the French porcelain has been 
used for this purpose, and this gives dull ware of a very 
beautiful appearance. Dull, phosphated porcelain is, on the 
contrary, less satisfactory; besides, the English have replaced 
it by a special body, which, when burnt, has a slightly yellowish 
colour, with a dull brilliancy, reminding one of the beautiful 
marble from Paros, whence its name of Parian. 

The body is chiefly composed of a mixture of kaolin and 
feldspar; the latter, under the influence of the high tempera- 
ture, becomes semi-fused, and this gives it a milky appearance. 
According to Prossel, the following are some examples of its 
composition :— 

Frit. 


Kaolin 
Feldspar 
White sand 
Potash 


oer 
ltt | 
lt 


© & | | 
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Body. 
Frit . . . . . . 15 9 — — 
Kaolin . . . . . 89 28 33 837 
Feldspar . . . . . 89 42 44 63 
Pegmatite . . . . . — 14 22 — 
Flint glass . . : . . 6 7 — — 


The body may be coloured in such a way as to give goods that 
imitate ivory or different natural stones, whence the names of 
carrara, malachite, lazulite, porphyry, obsidian. 

The plasticity being so slight makes the moulding rather 
troublesome, therefore casting is often resorted to. The hard 
firmg is done at the same temperature as for phosphated porce- 
lain, but the great shrinkage, as well as the softening of the 
mass, necessitate the saggering being very carefully done by 
holding up the projecting parts by supports made of raw 
body. 


7. Dull Feldspathic Soft Porcelain. 


306. By this name are called some small objects, buttons, 
and imitations of pearl and agate. This manufacture was in- 
vented towards 1840 by Prosser. First he used the English 
soft porcelain body, then simply a mixture of feldspar and 
phosphate of lime, to which plasticity was given by the addition 
of a greasy body, which was destroyed when burnt. 

M. Bapterosse introduced this industry into France, but em- 
ployed special processes. Thanks to a very perfect machinery, 
he succeeded in entirely doing away with the English manu- 
facture, and his factory at Briare, with another at Fribourg 
(in the Grand: Duchy of Baden), are the only ones which 
manufacture this kind of ware at the present time. 

On account of the very restricted interest in this manufacture, 
which is only allied to pottery by the methods employed, we 
will briefly summarise it. 

The body is formed of feldspar, as fusible as possible, which 
is powdered and separated from a part of the impurities (oxide 
of iron) that it may contain, leaving in it the sulphuric acid. 
To it is added, according to what goods are wanted, some 
colouring oxides, or sometimes a little phosphate of lime or 


chalk. The powder, for want of plasticity, has some milk 
47 
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added to it or an emulsion of caseine in a solution of boracic 
acid, so as to give it a consistency firm enough for it to be 
moulded in a press. Five hundred buttons are thus moulded 
with one stroke of the beam. They are arranged automatically — 
on a sheet of paper, which is used to carry them on to a fire- 
proof plate. This is first heated, so that the paper is burnt 
up; then the plate is put into a muffle, where it remains for 
about ten minutes. It is then drawn out, the buttons that are 
on it are taken off with one stroke ,of a rake and it is covered 
with a fresh sheet of paper. The muffles are arranged to the 
number of thirty in a rectangular kiln with down draft. 
The burnt buttons fall into a series of boxes which are fastened 
to a pivot, where they finish cooling, and from which they 
are taken out through a movable bottom. Then they only need 
to be decorated, if that is required, with the help of vitrifiable 
colours by chromo-lithography, or to be gilded and then saggered. 
Latterly, they have also manufactured by this process cameos 
and small cubes, which are used in making mosaic floors. 


THE END. 
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166 


By liquid method, 151, 167-181: methods 
of preparation, 167-168 ; blunging of 
raw materials, 168-172; apportion- 
ment and mixing in liquid state, 172- 
178 ; sifting, 173-174; stiffening, 174- 
181; pugging and wedging or slap- 
ping, 181. 

Illustrations : Roller mill, 154; fluted 
roller mill, 155; vertical pugs, 156, 
165, 180; plan showing bottom 
scraper, 156; horizontal pugs, 157, 
158, 159; pug knives, 158; double 
horizontal pug, 160; vertical roller 

ug, 161; combined roller mixer and 

orizontal pug, 162; double roller 
mill, 163; roller granulators, 164 ; 
pulverizer, 166 ; levigating or grinding 
mill, 170; Alsing cylinder, 171; lawn 
or sieve for slip, 173; filter presses, 
176, 177, 178, 179. 

Body, meaning of the term, 1; alternative 
term, 1n; decorative moulding of, 421- 
428; colouring of, 423-426 ; preparation 
of, for feldspathic faiences, 639-641 ; 
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composition of, for hard porcelain, 702- 
707 ; preparation of, 708-709 ; colouring 
of, 720 et seq. See Hard bodies, Soft 
bodies. ° 

Bohemia, greatest centre of hard porcelain 
production in Austria, 42. 

Bonding tile, Gilardoni the inventor of 
the, 40. 

Bonn. See Siegburg. 

Boracic acid in glazes, 274; as a raw 
material of glazes, 279-280; refined, 
279; Tuscany, 279-280. 

Borax, Refined and American, as raw 
materials of glazes, 280. 

Bordier centrifugal grinder, 122; particu- 
lars of four types, 122. 

Borie, inventor of tool for manufacture of 
hollow bricks, 89. 

Bôttcher, biographical notes, 35-36; dis- 
covery of secret of porcelain manufac- 
ture by, 35-36. 

Bottle glass, White, as a raw material of 
glazes, 279; limits of variation in com- 
position of, 279. 

Boulet et Cie on capabilities of cutters, 
130; grinder with plain rollers, tllus- 
trated, 128; circularly fluted rolling 
machine, illustrated, 154; conic form 
of rolling machine, illustrated, 155; 
rolling machine for stiff bodies, de- 
scribed 161, ilustrated 168; vertical 
pug mill for stiff bodies, 165. 

Boulton, Potter’s cone drum wheel by, 
described, 188-189; illustrated, 188. 

Bourgerel, Graphic method of, to deter- 
mine proportions of raw materials for a 
given plastic composition (tllustrated), 
102-108. 

Bourry, Examples of analyses of clays by, 
67 


Bradwell stoneware factory, 33 ; influence 

of, 83. 

Breteuil halloysite, Analysis of, 68. 
Brethon hydraulic purifier with screw 
propeller, described, 186-187; éllus- 

trated, 187. 

Brewer & Co., Purifying machine by, de- 

acribed and illustrated, 182-188. 

Brick for continuous regenerator, illus- 

trated, 379. 

Bricks, 447-508 : 

Plain ordinary, 448-492: forms and 
dimensions, 448-450 ; moulding | by 
hand, 450-452 ; moulding by machine 
452-458 ; manufacture by expression, 
458-462 ; manufacture with a press, 
462-468 ; repressing, 468-475 ; drying, 
475-482; burning, 482-490; general 
arrangements of brickfields, 490- 
492. 

Hollow, 492-494. 

Ornamental, 494-499. 

Vitrified, 499-501. 

Light, 501-508. 

— Mechanical causes of disaggregation 

of, 557. 

Brickfields, General arrangements of, 490- 

492. 

Brick press, Quadruple, described, 280- 

231; tllustrated, 280. 
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Brongniart, New term suggested by, 1n ; 
system of classification of, 7-9; criti- 
cised, 8-9; ‘Treatise on the Ceramic 
Arts” by, 7; on amphora, 18; on 
glaze, 19; his estimate of Palissy, 26; 
and mistaken formula for pure clay, 
45; analyses of halloysite and lenzenite 
by, 68; of collyrite, 69; on ancient 
lustre ware, 553; composition of the 
body of a number of enamelled faiences 
by, 616; compositions for the enamel 
by, and Bastenaire-Daudenart, 617. 

Brown, Examples of analyses of clays by, 
66 


Browns, Preparation of, for pottery, 417 ; 
how obtained, 425-426. 

Bruges porcelain factories, 81. 

Bubbles, Cause of, 816. 

Burning of argillaceous fireclay goods, 
584-585; of plain ordinary bricks, 482- 
490 ; of colours, 442-448 ; of feldspathic 
faiences, 650-652; of hard porcelain, 
715-718; of ordinary tiles, 525-528; 
and salting of stoneware pipes, 687-690. 

Burslem factories, 31. 


C. 


Caffaggiolo majolica, 24. 

Calcareous fluxes, 79, 82 : stones in natural 
clays, 57. 

Calcareous clayey bodies, Influence of fir- 
ing on volume and density of, 308. 

Campanian ware, 18. 

Cantharides lustre, 438. 

Carbonate of iron in natural clays, 54. 

— of lime in natural clays, 54, 56; use of, 
as à flux, 79. 

— of magnesia in natural clays, 54, 56. 

Carbonic acid, Proportion of, in plastic 
bodies, 101. 

Carboniferous fireclay goods. See under 
Fireclay goods. 

Carr disintegrator, described and éllus- 
trated, 120-121; different models of, 121. 

| Carrara porcelain, 42. 

Carter mil], 128-124. 

Carving, 238. 

Castel-Durante majolica, 24. 

Castelli majolica, 24. 

Casting, Moulding by, 281-282. 

Cat’s hole tiles, 510. 

Cement, Difference between ceramic ware, 
glass and, 8. 

Centrifugal grinders for mechanical dis- 
integration, 120-122 : principle and use 
of, 120; the Carr disintegrator de- 
scribed and illustrated, 120-121; diffe- 
rent models of, 121; Weidknecht- 
Schoeller’s ‘‘ Loizeau ” grinder, 121-122; 
different patterns of, 122; Bordier’s 
grinder, 122; particulars of four types 
of, 122. 

Ceramics, Phraseology of, 1n; wide im- 
portance of, 2; use of glaze in, 2; 
the study of, 3-4; history of, 14-48. 
See History of ceramics. 

Ceramic bodies, Materials forming, 44- 
85: clays, 44-67 ; various raw materials, 
67-85. See Clays, Raw materials. 
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Ceramic ware, General olassification of, 
2; definition of, 8; difference between 
glass, cement and, 8; non-clay wares in- 
cluded under, 8; technical classification 
of, 4; general principles of classifica- 
tion of, 4-6; distinctive characteristics 
of, 5-6; first attempts at classification 
of, 6-7 ; classification of, by Brongniart, 
7-9; by Salvetat, 9-10; by Knapp, 10; 
by Kolbe, 10-11; by Bruno Kerl, 11-12; 
true division of, 12; sub-divisions, 18- 
14; and table, 14. See Classification. 

Chafiers, founder of English soft porce- 
lain industry, 87. 

Chaldea, Chronicles of, on clay plaques, 
15. 

Chaldean pottery, 15. 


Chamber Bros. & Co., Granulator of, de- | 


scribed 180, illustrated 181; mill with 
movable slab by, described and illus- 
trated, 126-127. 

Chambrette, Purifier of, described 134- 
135, tllustrated 134; hydraulic purifier 
of, described 195, illustrated 136. 

Channel kilns, described, 370-372; for 
heating with faggots, illustrated, 369; 
for heating with coal, illustrated, 870. 

Chantilly, Soft and hard porcelain fac- 
tories at, 37. 

Chapelle-aux-Pots, La, early glazed vase 
industry, 25; stoneware, 38. 

Charging, 383-386: the kiln itself, 383- 
884; with quarries or slabs, described , 
and illustrated, 884; in saggers, 384- 
886; saggers illustrated, 385; defects 
in bodies due to bad, 312. 

Charlotte, Queen, and patronage of Burs- 
lem ware, 31. 

Chelsea, Establishment of soft porcelain 
manufacture at, 37. 

Chemical composition of glazes, 274-276. 

— productions, Stoneware for, 692-695. 

— purifying of raw materials, 148-149. 

Chemistry as a basis of classification, 6, 7. 

Chicaneau and the discovery of soft porce- 
lain, 37. 

Chimneys in kilns, 845-348 ; laws relating 
to, 347-348; table showing depression, 
volume and weight of air per second 
given by a chimney of stated dimensions 
at increasing temperatures, 348 ; substi- 
tutes for, 348. 

China a birthplace of ceramics, 16; of 
impermeable pottery, stoneware and 
china, 16; chief beds of kaolin in, 60. 

China, Definition of, 14; a synonym of 
porcelain, 10. 

Chinese porcelain, Revolution caused by 
introduction of, 6-7. 

Chinthe - Kang - Hu, Characteristics of 
Chinese porcelain under, 34. 

Chjzek, Examples of analysis of clays 
by, 66. 

Chopping machines or Blake grinders for 
mechanical disaggregation, 128 - 124 ; 
described and illustrated, 124; particu- 
lars of various models, 124-125. 

Chromium in natural clays, 56; as a 
colouring material for pottery, 410- 
411. 


INDEX, 


| Chronicles of Chaldea and Assyria on 
clay plaques, 15. 

Church and the classification of Wedg- 

, wood wares, 82. 

iCimolite, Composition of, 69; 





where 
found, 69; use of, 69; analysis of, by 
Klaproth, 69. 

Classification, Difficulties of, 4-5; true 
method of, 5-6, 12-14; first attempts at, 
6-7; chemistry as a basis of, 6, 7; 
Brongniart’s method of, 7-9. See 
Ceramic ware. 

Clay, Materials analogous to, 68-70. See 
Allophane, Amianthus, Collyrite, Ci- 
molite, Giobertite, Halloysite, Len- 
zenite, Magnesite, Marls, Steatite, Talc. 

, — Calcined and plastic, as raw materials 
of glazes, 279. 

Clays, Definition of, 1; the basis of cera- 

mic productions, 8. 
Pure Clay, Composition and chemical 
properties of, 44-46; physical pro- 
perties of, 46-48; formation of, 48- 





60. 

Natural Clays, Formation of, 50- 
52; materials composing, 52-57: 
materials not separable by grind- 
ing, 538-56; materials separable by 
grinding, 56; accidental impuri- 
ties, 56-57. 

Classification of, 57-59: kaolins, 59- 
60; refractory clays, 60-62; vitri- 
fiable clays, 62-63; fusible clays, 
68-64. See wider Fusible, Kaolin, 
Refractory, Vitrifiable. 

Table of analyses of, 64-67. 

Trials of, 85-97: methods of trial, 
85; trials on the constitution of, 
86-88; chemical analysis, 88-90; 
special estimation, 90-92; tests of 
the texture, 92-95; tests as to plas- 
ticity, 95-97; tests on the fusi- 
bility, 97. 

Clayey bodies, Influence of firing on 
volume and density of, 807-308; of 
those containing quartz, 808; of cal- 
careous clayey bodies, 308. 

— pottery, System of classification of, 
10-11. 

Clérissy family, founders of the Moustiers 
school, 28. 

Cloisonné enamel, 481. 

Coal as a fuel, 326-327; heating by, 332- 
338. 

Cobalt as a colouring material for pottery, 
411-412. 

Coke as a fuel, $27. 

Cold decoration, 441-442. 

Collyrite, Composition of, according to 
Le Chatelier, 68: where extracted, 69; 
analysis of, by Brongniart, 69; de- 
hydration point of, 88. 

Colour as a basis for measuring tempera- 
ture of kiln, 894-395; results obtained 
by Pouillet, 895. 

Colours, Burning of, 442-448 ; composition 
of, for silicious faiences by Deck, 628- 
680; for feldspathic faiences, 656-658. 

Coloured glazes, 430-481. 

— slips, 426-427. 
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Colouring, Influence of firing on, of bodies, 
808-811. 

— materials used in pottery, methods of 
application, 407-408 ; how the colouring 
is influenced, 408-409; preparation of, 
414-417; properties of, 417-420. 

— metals, 409-414. 

— of body, 428-426; under glaze, 427- 
430; over glaze, 431-435; of hard porce- 
lain, 720 et seq. 

Common faience, meaning of term, 8, 9; 
pottery, 547-549; varnished faiences, 

, Plumbiferous 602-605, non-plumbiferous 
605-606. 

Composition of glazes, 272-276; defects in 
glaze due to errors in, 316. 

Compound alkaline earths as raw materials 
of glazes, 282-283. 

Compressing moulds. See under Moulds. 

Conrade Brothers and Nevers faience, 26- 
27 ; their successors, 27. 

Consistency, Influence of, on drying of 

bodies, 248-245. e 

— of plastic bodies, 107-108 : classification 
of bodies as a basis of, 107; method of 
estimating, by the touch, 107; exact 
method of measurement of, 107-108; 
quantity of water required to obtain 
different degrees of, 108. 

Constantin on composition of glazes for 
common non-plumbiferous varnished 
faience, 605, 606. 

Construction of kilns, 380-388. 

Contemporary ceramics, 38-42: nineteenth 
century influences, 88; growth in im- 
portance of terra cotta, 38-39; intro- 
duction of mechanical presses and firing 
at high temperature for brick making, 
39; invention of Borie’s tool for manu- 
facture of hollow bricks, 89; invention 
of bonding and South of France tiles, of 
drainage pipes, and of refractory ware, 
40; German scientific researches, 40; 
extension of English stoneware, iron- 
stone and opaque porcelain to Continent ' 
and America, 40-41; revival of stanni- 
ferous and ancient Persian faience, 41 ; | 
Messrs. Doulton & Co.'s works, 41-42. 

Continuous kilns with single firing cham- 
ber, described 363-865, 367-872, illus- | 
trated 366, 367, 368, 369, 870; with 
several firing chambers, described 372- 
375, tllustrated 878, 374. 

Contraction, Agreement of bodies and 
glazes in respect of, during cooling, 317- 
320 ; importance of the problem, 317- 
818; its solution, 818-819. 

Cooling of ware, 401-402 ; defects in bodies 
due to rapidity in, 812. 

Copper in natural clays, 56; as a colour- 
ing material for pottery, 410; lustres, 
438. 

Coquillon apparatus for analysis of gases, 
described, 391-3992 ; illustrated, 392. 

Cornish-stone as a raw material of glazes, 
279. 

Crackling, Cause of, 317 ; remedy for, 318 ; 
as à means of decoration, 438-489. 

Crayons, Vitrifiable, for decorating pot- 
tery, 441. 
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Crazing, Cause of, 817; remedy for, 818, 
819 ; action of silica in respect of, 318- 
819; action of fluxes, 819. 

Cryolite as a raw material of glazes, 286- 
287. 

Crystal as a raw material of glazes, 279; 
limits of variation in composition of, 
279. 

Crystalline silica, 71; forms of, 71; trans- 
formation of, into amorphous silica, 72. 
See Quartz, Silex. 

Custade family and Nevers faience, 27. 

Cutters for mechanical disaggregation, 
129-180: use and description of, 129- 
180; capabilities of, according to Boulet 
et Cie, 130. 

Cutting apparatus, described, 204-206; 
illustrated, 205. 

Cyclone disintegrator, The, 124. 

Cylindrical propellers. See under Pro- 
pellers. 


D. 


Dalbouze grinder, described and t/lus- 
trated, 128. 

Damascus, Brilliant period of Persian art 
at, 22. 

Darcel on characteristics of Hispano- 
Moresque faience, 21 ; on Nevers faience, 
27; on characteristics of Rouen style, 27. 

Darius, Monumental earthenware of the 
time of, 20. 

Decanting tanks, Use of, 144.147. 

Deck, Criticism by, of Brongniart's system 
of classification, 8-9; definition of 
faience by, 9; on Rouen style, 27-28; 
reproduction of celebrated turquoise 
blue Persian faience by, 41; attempts 
of, to reproduce Persian faiences, 626- 
627. 

Decoration, 407-448 : 

Colouring materials, 407-420: general 
remarks, 407-409; colouring metals, 
409-414 ; preparation of, 414-417 ; pro- 
perties of, 417-420. 

Processes of decoration, 420-443: gene- 
ral remarks, 420-421; decorative 
moulding of body, 421-428 ; colouring 
of body, 423-426 ; coloured slips, 426- 
427; under glaze colouring, 427-430 ; 
coloured glazes, 430-481; over glaze 
colouring, 431-435; decoration with 


metals, 435-486; decoration with 
metallic lustres, 486-438; other 
methods, 438-442; burning the 


colours, 442-448. 

Decoration, Cold, 441-442. 

— of feldspathic faiences, 655-658; of 
hard porcelain, 720-723. 

— Porcelain for. See under Porcelain. 

Decorative moulding of body, 421-428. 

— objects, 545-547 ; in varnished faiences, 
613-615 ; stoneware, 697-698. 

Defects in bodies after firing, 812-315; 
presented by glaze from non-adhesion 
815-316, from body being too absorbent 
816, from too low or too high tem- 
perature in burning 816, from errors in 
composition 316. 
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Delahaye hydraulic purifier with screw 
illus- 


propeller, described, 186-187; 


trated, 137. 


Delft school, History and characteristics 


of, 30. 
Dense pottery, 10. 


Density, Influence of firing on, of bodies, 


805-808. 
Deruta majolica, 24. 


De Smet et Cie, Tiles manufactured at 


highest pressure by, 1067. 
Deux-Sévres. See Saint-Porchaire. 
Dicing, 4237. 


Dies for expression, described, 195-198 ; 
illustrated, 195, 196, 197; roller dies, 


illustrated, 204. 
Diffusion, Application of glazes by, 298. 


Dipping, Application of glazes by, 295- 
297. 
Disaggregation, Object of, 111; classifica- 


tion with a view to, 111. 
— Processes of, 111: 

Natural, 111-118: applicability of, 111- 
112; methods of, according to climate, 
112-118; warehousing of clay, 118. 

By heat, 118-118: processes for, 114; 


Lecaze stove for disaggregating large 


productions (illustrated), 114-115; 
Schmidt & Co.'s stove (tllustrated), 
115-116; method in use for quartz, 


silex and feldspar, 116-117; use of 


reverberating kilns, 117; use of slid- 
ing kilns, 117 ; furnace for disintegra- 
tion of flint (illustrated), 117-118. 

Mechanical, 111, 118-180: classification 
of machines according to mode of 
action, 111; stampers (q.v.), 118-120; 
centrifugal grinders (g.v.), 120-122; 
ball grinders (g.v.), 123-124; chop- 
ping machines (q.v.), 124-125; ver- 
tical mills (q.v.), 125-127; rolling 
grinders (q.v.), 127-129 ; cutters (q.v.), 

; 129-130; granulators (qg.v.), 130. 

— of raw materials. See under Raw 
materials. 

— of terra cotta, Causes of, 554 ef seq. ; 
remedies for, 555 et seq. 

Dishes, Varnished faience, 618-615. 

Distilled water, Use of, 90. 

Doulton & Co., Works of, at Lambeth, 


84. 

Draught, Forced, use of, in kilns, 348; 
measuring the, 398-394; apparatus for, 
described and tilustrated, 394. See also 
under Firing. 

Drying, Theory of, 238-241; influence of 

’ the nature of the body 241-248, of the 
consistency 248-245, of the method of 
formation 245-246, of the shape of the 
objects 246-247; rules for making of 
models, 247; influence of the rapidity 
of drying, 247-248; by evaporation, 
248-252; by aeration, 252-255; by 
heating, 255-256; by ventilation, 256- 
258; by heated and aerated dryers, 
258-260; by dryers heated and venti- 
lated with fixed shelves, 260-264; by 
dryers heated and ventilated with 
movable shelves, 264-269; by absorp- 
tion, 269-271. 
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Drying (continued)— 
Illustrations : Diagrams of drying 241, 
of drying of different bodies 242, of 
influence of consistency upon sbrinkage 
and pores 244, and upon duration of 
drying 245 ; evaporometer, 252; dryers, 
258, 254; ventilating fan, 257; dryers 
heated and aerated, 259; heated and 
ventilated, with fixed shelves, 260, 261, 
262-264; with movable shelves, 264, 
265, 268; revolving, 262; tunnel, 268. 
— of argillaceous fireclay goods, 588; of 
feldspathic faiences, 647-650; of hard 
porcelain, 714-715; of ordinary tiles, 
524-525. 

— of plain ordinary bricks in the open 
air, 475-476; on stages, 476-480; in 
ventilated sheds, 480-481; in warmed 
ventilated sheds, 481-482. 

Dull or biscuit porcelain, 727-728; soft 
porcelain, 736-737; feldspathic soft 
porcelain, 737-788. 

Dumont granulating rolling machine, 
described, 161-162; sllustrated, 164. 

Durantino, Guido, and Urbino majolica, 
28. 

Dust tiles, Encaustic, 679. 

Dusting, Application of glazes by, 298. 

Dutch faience: the Delft factories and 
school, 80; three periods of manu- 
facture and characteristics, 30. 

Dwight, John, founder of Fulham stone- 
ware factory, 33. 


E. 


Earthenware, Synonym of,1; substitutes 
for the term, 7; definition of, 18. 

Eggshell, Cause of, 316. 

Egypt a birthplace of ceramics, 14-15, 16- 
17; archeological discoveries in, 15; 
coloured enamels used in, 19; art of 
faience in, destroyed by Roman con- 
quest, 20. 

Eichhorn, Examples of analyses of clays 
by, 66. 

Electric purifying of raw materials, ex- 
plained and 1/lustrated, 147-148. 

— pyrometer, Siemens’, 399; Le Chate- 
lier’s thermo-, 399-400. 

Electrical conduits, Porcelain for, 725. 

— purifier for the manufacture of glazes, 
described, 294-295; illustrated, 296. 

Elers, The Brothers, founders of Bradwell 
stoneware factory, 33. 

Emptying, 402. 

Enamel, Painting for hard firing on raw, 
618; on burnt, 618-619. 

— Cloisonné, 431. 

Enamels, Definition of, 277; by Appert 
and Henrivaux, 278; reason of Greek 
giaike for, 20-21 ; neglect of, by Romans, 

-21. 

Enamelled faiences, Composition of the 
body of a number of, by Brongniart, 
616; compositions for the enamel by 
Brongniart and Bastenaire-Daudenart, 
617. And see under Faiences. . 

Encaustic dust tiles, 679. 
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Encaustic tiles, Varnished faience, 611-618. 

Engine turning, 423. 

England, Influence of, on French art, 29. 

English faience, early foreign importa- 
tions, 31; Dutch factory at Lambeth, 
81; Burslem factories, 31; discovery 
by Astbury of use of silica powder, 31; 
perfected by Josiah Wedgwood, 81; 
importance of Leeds manufactures, 31; 
Queen’s ware, 31; association of Wedg- 
wood and Thomas Bentley, 81; imita- 
tion of the antique, 31-32; classifica- 
tion of Wedgwood wares, 32; stanni- 
ferous faience, 32; porcelain, 32. 

— porcelain, 728-730. 

European porcelain, Early failures at 
reproduction of Chinese porcelain, 85 ; 
Béttcher’s discovery of the secret, 85- 
86; establishment of first workshops at 
Meissen, 86; spread of the industry, 
86; discovery of soft porcelain by 
Chicaneau, 37; spread of the industry, 
87; Sévres factory founded, 37; dis- 
covery of Saint-Yrieix kaolin deposits 
by Mme Darnet, 37; consequent aban- 
donment of soft porcelain and supre- 
macy of hard porcelain in France, 87; 
manufacture of soft and hard porcelain 
in England, 37-38. 

Evaporation, Use of, in ascertaining con- 
stitution of clay, 87-88; drying by, 
248-252. 

Evaporometer, Use of, 251-252 ; illustrated, 
252 



















Excentric press, illustrated, 228; tile 
press, described 280, illustrated 229. 

Excipient, suggested new term, 1n. 

Expression, 195-206: dies, described 195- 
198, zllustrated 195, 196, 197; propellers, 
described 198-204, illustrated 198, 199, 
200, 201, 202, 204 ; cutting apparatus, de- 
Bcribed 204-206, illustrated 205; manu- 
facture of plain ordinary bricks by, 453- 
462; of ordinary tiles, 512-516. 


F. 


Faenza, Majolica wares of, 28. 

Faience, derivation of the word, 28; 
synonym of earthenware, 1; misuse of 
the term, 7, 9; definition by Deck, 9; 
art of, in Egypt destroyed by Roman 
conquest, 20; introduced into Europe, 
21 


Faiences, 598-659 : 

Classification, 598-602. 

Varnished, with fusible argillaceous 
body, 602-615: common plumbiferous 
ware, 602-605 ; common non-plumbi- 
ferous ware, 605-606; architectural 
faiences, 607-611 ; encaustic tiles, 611- 
618; stoves, 618; vases, dishes and 
decorative objects, 618-615. 

Enamelled, with fusible argillaceous 
calcareous body, 615-624: composi- 
tion, 615-618; decoration, 618-619; 
stove tiles, panels, etc., 619-624. 

Silicious, with fusible silicious body, 
624-681. 
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Faiences (continued)— 
Pipeclay, with slightly fusible argil- 
laceous calcareous body, 631-635. 
Pebble work, with fireproof argillaceous 

silicious body, 635. 

Feldspathic, with slightly fusible argil- 
laceous alkaline body, 636-658 : com- 
position, 636-639 ; preparation of the 
bodies, 689-641; moulding, 641-647 ; 
drying, 647-650; burning, 650-652; 
setting and placing in saggers, 652- 
655; decoration, 655-658. 

General arrangements of faience works, 


Illustrations: Moulding of stove tiles, 
621, 622; machine for same, 698; 
lathe for making batts, 641; wheel 
for moulding flat ware, 642; wheel 
for making and moulding shapes, 
648; double wheel for moulding flat 
articles, 644; jolley for moulding 
cups, bowls, etc., 644; jolley for 
moulding large hollow pieces, 645; 
pulverising machine, 646; press for 
moulding paving tiles, 647; kilns for 
earthenware, 648, 649; methods of 
filling the saggers, 652, 658, 654, 
655. 

Fatence works, General arrangements of, 
9 


Feldspars in natural clays, 58, 56; use of, 
as fluxes, 78; chief beds of, 78; table 
showing composition of different, 80-81 ; 
testing of feldspar fluxes by chemical 
analysis, 98; method of disaggregation 
in use for, 116-117; as raw materials of 
glazes, 278-279. 

Feldspathic faiences. See under Faiences. 

— rocks, Use of, as fluxes, 78; pegmatite, 
78-79; Cornish-stone, 79; analogous 
rocks, 79; table showing the chemical 
composition of different feldspars and, 
80-81. 

— soft porcelain, Dull, 787-788. 

Ferrara majolica, 24. 

Ferric fluxes, 82. 

Ferrous oxide, Influence of, on fusibility 
of bodies, 308-804. 

Figuring, 235. 

Filters, 549-550. 

Filter presses, Use of, in connection with 
settling tanks, 146; first, for stiffening, 
described 175-176, tllustrated 176; 
present type, described 176, sllustrated 
177; Leclaire’s, described 177-178, illus- 
trated 177; French and German types, 
described and illustrated, 178; English 
type, described 178, twlustrated 179; 
volume of body stiffened by different 
sizes of press, 179; method of calculat- 
ing same, 179; the working of the press, 
explained 180-181, illustrated 180. 

Fine faience, use of the term, 9. 

— stoneware, 698-699. 

Finishing, 282-235: object of, 232-233; 
manual operations of, explained 283- 
235, tliustrated 234, 235. 

Fire, Porcelain for the, 724-725. 

Fireclay, Use of mixture of, and fluxes 
for paving tiles, 667-668. 


746 


Fireclay goods, 568-597 : 

Classification, 568-570. 

Argillaceous, 570-586: shapes, dimen- 
sions and properties, 570-574; resis- 
tance of fireclay to high temperatures, 
574-577 ; composition and preparation 
of the body, 578-579; moulding, 579- 
583; drying, 583; burning, 584-585 ; 
general arrangements of the manu- 
factories for fireclay goods, 585-586. 

Aluminous, 586-588. 

Carboniferous, 588-590. 

Silicious, 590-592. 

Basic, 592-595 : with magnesia, 598-594 ; 
with magnesia and lime, 594-595; 
with lime, 595. 

Fireclay mortar (pug), 595-596. 

Tests, 596-597. 

Illustrations : Fireclay goods, 572 ; scale 
of fusing temperatures of mixtures of 
silica and alumina, 575; moulding by 
hand of crucible for glass making, 
581; moulding of gas retort by hand, 
581; machine for moulding saggers, 
582; machine for moulding crucibles, 
589. 

Fireclay mortar, 595-596. 

— terra cottas, Chemical classification of, 
569. 

Fired refractory bodies, 13. 

Fireplaces. See under Firing. 

Fireproof materials, Use of mixture of, 
and fusible clays for paving tiles, 666- 
667. 

Firing, 299-406 : 

Properties of the bodies and glazes 
during the firing, 299-322; general | 
remarks on firing, 299-800 ; modifica- 
tions in the constitution of the bodies, 
800-803; the part played by the 
different materials constituting the: 
bodies with regard to their fusibility, 
808-305 ; modifications in the volume 
and the density, 805-808; modifica- 
tions in the colouring, 308-311 ; defects 
in the bodies after firing, 312-315; 
firing of the glazes, 315-316; agree- 
ment between the bodies and the 
glazes, 816-320; experiments in fusi- 
bility and in firing, 820-322. 

Description of the kilns, 322-388: 

General remarks on kilns, 322-924. 

Fireplaces, 324-345: fuel, 824-328 ; 
classification of the fireplaces, 328- 
380; heating by wood, 330-332 ; heat- 
ing by coal with fireplaces formed of 
the ware 382-333, with fireplaces with 
gratings 333-835, with furnace fire- 
places, 335-8 ; heating by gas, 838-345. 

The Draught, 345-352: chimneys, 
345-348; the draught in the kilns, 
349-351; regulation of the draught, 
351-352. 

Kilns, 358-378: classification of 
kilns, 358 ; intermittent kilns with up 
draught 354-356, with down draught 
356-868 ; horizontal intermittent kilns 
with single furnace, 863; continuous 
kilns with single firing chamber 363- 
372, with several firing chambers 372- 
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Firing (continued)— 

Description of the kilns (continued)— 
875; horizontal intermittent kilns 
with several fireplaces, 375-876; 
muffle kilns, 876-378. 

Regenerators, 378-880. 
Construction of kilns, 880-388. 

Working of the kilns, 888-406 : general 
remarks, 383; charging, 383-386; 
smoking, 386-387 ; firing properly so 
called, 887-388; the atmosphere of 
the kilns, 388-391; analysis of the 
gases, 891-398; measuring the 
draught, 393-394; measuring the 
temperature, 894-401; cooling and 
emptying, 401-402; thermic yield of 
the kilns, 402-406. 

Illustrations : Variations of the volume 
of the bodies in baking, 307; trial 
kiln, 820; test kiln, 821; heating by 
wood, 331; wood fireplace, 332; 
heating by coal, 333; fireplaces with 
grates, 334, 385; furnace fireplaces, 
886; kiln fireplaces, 387, 338; gas 
generator for sandy fuel 341, for fat 
fuel 342; blast gas generators, 348, 
844; square kiln with up draught, 
854; round kiln with up draught, 
855; rectangular kiln with down 
draught, 357 ; round kiln with down 
draught 359, with an upper dome 360, 
with a lower dome 862; types of 
horizontal intermittent kilns with 
single furnace, 363, 364; kilns with 
continuous firing, 366, 367, 368 ; gas 
heating for kilns with continuous 
firing, 868; kiln with channels for 
faggot heating 869, for heating with 
coal 370 ; kilns with several burning 
chambers or spaces, 878, 874; semi- 
continuous kiln, 875; muffle kilns, 
876, 377 ; brick for a continuous re- 
generator, 379 ; continuous regenera- 
tor, 380; charging with quarries or 
slabs, 884; saggers, 385; apparatus 
for analysing gases 392, for measuring 
draught 394; pyrometric tests, 398 ; 
pyrometric telescope, 400; optical 
pyrometer, 401. 

Fischer, Examples of analyses of clays by, 
66, 67. 

Flamed decoration, 439. 

Flammes, Origin of, 34. 

Flaxman, Models for Wedgwood wares 
by, 82. 

Flemish stoneware a misnomer, 88. 

Flint, Furnace for disintegration of (tl/us- 
trated), 117-118. 

Flowing colours as à means of decoration, 
489-440. 

Flues, Use of, for drying, 256-257. 

Fluorine in natural clays, 55; as a raw 
material of glazes, 286-287. 

Fluorspar as a raw material of glazes, 286- 
287. 

Fontainebleau sand the standard in 
France for determining plasticity of 
clays, 96. 

Fontana, Orazio, and Urbino majolica, 23, 
24. 


INDEX. 


Food, Stoneware for purposes of, 692-695. 
Forbes and titanic acid in a natural clay, 56. 
Formation, meaning of the term, 182; pro- 


cesses of, explained, 182-184: throwing, 
184-194 ; expression, 195-206 ; moulding 
by hand 206-212, on the jolley 212-220, 
by compression 220-281, by slip casting 
231-282; finishing, 282-285; slipping, 
235-287; influence of method of, on 
drying of bodies, 245-246. 


Forschammer and the true formula for 


Francis I. and patronage of Italian cera- 


pure clay, 46. 


mists, 25. 


Franco, Battista, and Urbino majolica, 24. 
Frankenthal ware, 80 ; porcelain works, 36. 
Frechen, Stoneware factory of, 32; charac- | Gas, Heating by, 838-345; for kiln with 


teristics of its ware, 32-88. 


Frederick Augustus II., Relations of, with 
Béttcher, 35-86; founder of Meissen | Gases, Natural, as fuel, 327-828; analysis 


French faience, 24-29: use of plumbiferous | 


- 


workshops, 36. 


glaze in, 24-25; early factories for mak- 
ing of glazed vases, 25; decline of art 











la 


747 
G. 


Gaize, Composition and use of, 84. 
Galena ac a raw material of glazes, 285. 
Gannister, where found, 84; composition 


and use of, 84. 


Garnier on stanniferous enamelled faience 


at close of 18th century, 28-29; causes 
of its decline, 29; on Nevers faience, 
27; on Moustiers school, 28; on Strass- 
burg faience, 28; on Hirschvogel and 
Nuremberg faience, 29. 


as channels, Pipes for, 587-541. 
— generators, Use of, 829-830; fuel for, 


880; with natural draught, 840-842; 
blast, 842-844. 


continuous firing, described 868-872, 
illustrated 368. 


of, 391-898; Coquillon apparatus for 
same, described 391-892, illustrated 392 ; 
Meslans apparatus, 398; Arndt appa- 
ratus, 398. 


glazed ware, 25; domestic glazed ware, | German faience at close of Middle Ages, 


25; Italian ceramists and factories in 
France, 25; first purely French pro- 
ductions, 25; 
Palissy on French art, 25-26; influence 
of Nevers faience, 26-27; beauty and 
characteristics of Rouen style, 27; its 
influence abroad, 28; the Moustiers 
school, 28; the Strassburg centre, 28; 
stanniferous enamelled faience at end 
of 18th century, 28-29; causes of its 
decline, 29. 


— porcelain, 731-782, 
Frits, meaning of the term, 77 ; use of, as 


influence of Bernard 


29; Hirschvogel and the Nuremberg 
school, 29-80; other manufacturing 
centres, 80. 


Gilardoni and the invention of the bond- 


ing tile, 40; system of tiles by, 507-508. 


Giobertite, Composition and use of, 70. 
Glass, Difference between ceramic ware, 


cement and, 8; kind of, included among 
ceramic ware, 3; use of, as a flux, 78; 
definition of, by Appert and Henrivaux, 
272; glasses as raw materials of glazes, 
279 ; limits of variation in their com- 
position, 279. 


fluxes, 78. — White bottle and window, as raw 
Fritting as an operation in the manufac-| materials of glazes, 279; limits of varia- 
ture of glazes, 289-292. tion in composition of, 279. 
Frytom, Frederick van, and Delft, 30. ‘“‘Glass and Glassworks,” by Appert and 
Fulham factories, 81; stoneware factory| Henrivaux, quoted, 272, 278. 
at, 33. Glaze, Use of, 2; invention of art of 


Full fire; 387. 
Fusibility of bodies, Influence of different 


materials on, 803-305; experiments in, 
820-322. 


— of clays, manner of determining, 97; 


Bischof’s method for refractory clays, 


97. 
Fusible clays, 63-64: plastic ferruginous, 


64; plastic calcareous, 64; silicious 
ferruginous, 64; silicious calcareous, 
64; examples of analyses of different, 
66-67; use of mixture of, and fire- 
proof materials for paving tiles, 666- 
667. 


Fusible materials for ceramic bodies, use 


and nomenclature, 77 ; alkaline fluxes, 
77-79; calcareous fluxes, 79, 82; magnesic 
fluxes, 82; ferric fluxes, 82; phospho- 
calcareous fluxes, 82; influence of fiuxes 
on fusibility of bodies, 303-304; action 
of fluxes in respect of scaling and craz- 
ing, 819; from the point of view of 
fusibility, 575-576; use of mixture of 
fluxes and fireclay for paving tiles, 667- 
668 ; composition of principal fluxes for 
hard porcelain, 722-728. 





covering fired bodies with, 16-17 ; com- 
position and properties of glazes, 272- 
278; raw materials, 278-287; manu- 
facture, 287-295; grinding machines, 
described 298-294, illustrated 298, 294, 
295 ; application, 295-298 ; firing, 815- 
816 ; defects presented by glazes, 315- 
816; agreement of, and bodies, 316- 
820; under glaze colouring, 427-430; 
over glaze colouring, 431-485 ; coloured 
glazes, 480-481 ; for silicious faiences, 
composition of, 630-631; composition 
of glazes for pipeclay faiences, 633-634 ; 
for feldspathic faiences, 638-639; for 
hard porcelain, 707-708 ; their applica- 
tion, 714-715. 


Glazes defined, hard, 277-278; soft, 277 


transparent, 277. 


— Vitrified, for faiences, analyses of, 623- 


624. 


Global chemical analysis of clay, 88-90. 
Gold in natural clays, 56; in Phila- 


delphia clay, 56; as a colouring mate- 
rial for pottery, 418 ; use of, in metallic 
state for decorating pottery, 435-436 ; 
lustres, 437-488. 


148 


Granulators for mechanical disaggrega- 
tion, Object of, 180; Chambers type, 
described 130, illustrated 131. 

Grasses as fuel, 327. 

Gravel as a non-plastic material, 72; as 
a refractory material, 88. 

Greek fired bodies, wide meaning of the 
term, 18. 

Greeks, Influence of, on ceramics, 16; 
perfection of plastic art of, 18; inven- 
tors of slipping process, 18-19; appli- 
cation of glaze by, 19; decline of art, 
1 


Green ware, Definition of, 1; alternative 
terms, 1, 7. Ù 

Greens, Preparation of, for pottery, 415- 
416; how obtained, 425. 

Grentzhausen, Famous stoneware of, 88. 

Greys, Preparation of, for pottery, 415; 
how obtained, 424. 

Grinders, described, 169; illustrated, 170. 
See also under Ball, Blake, Centrifugal, 
Rolling. 

Grinding, Materials not separable by, in 
natural clays, 53-56; separable ma- 
terials, 56; not a method of analysis, 
86: a means to determine texture of 
clay, 86; in water as a process in the 
manufacture of glazes, 292-295. 

Grit. See Grog. 

Grog, Nature of, 75; advantage in use of, 
76; method of manufacture of, 76; as 
a raw material of glazes, 279. 

Groke purifier, described and tllustrated, 
135. 

Grooving, 238. 

Grossalmerode white clay, Peculiarity of, 
55. 

Gubbio majolica and its leading artist, 
24 


Guettard, discoverer of kaolin at Alencon, 
37; first attempts at manufacture of 
hard porcelain, 37. 

Guido Ubaldo II., Duke, influence on 
Urbino majolica art work, 28. 

Guild of St. Luke and the invention of 
Delft ware, 30. 

Gypsum in natural clays, 57; as a raw 
material of glazes, 282. 


H. 


Halloysite, 68; analyses of, by Bron- 
gniart and Bruno Kerl, 68; analysis of 
Breteuil, 68; use of, 68. 

Hambly, Examples of analyses of clays 

y, 65. 

Handling, tllustrated, 235. 

Hannong, founder of Strassburg faience, 
28; porcelain factories founded by, 36; 
sells secret of hard porcelain to Sévres, 


87. 

Hard bodies, Brongniart’s use of the 
term, 8; glazes, definition of, 277-278; 
porcelain—see under Porcelain. 
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Heating, Drying by, 255-256; defects in 
bodies due to rapidity in, 312. 

Henri Deux faience, Origin of, 25; its 
influence on French ceramics, 25. 

Henrivaux and Appert, Definition of glass 
by, 272; of enamels, 278. 

Henry, Examples of analyses of clays by, 
65. 


Herzfeld, Bidermann and, on the causes 
of the plasticity of clay, 46. 

Hirschvogel, Augustine, Influence of, on 
German faience, 29; Garnier on, 29; 
and the introduction of enamelled fai- 
ence stoves, 613. 

History of ceramics, 14-43: ancient terra 
cotta, 17-19; ancient earthenware (Per- 
sian, Arabian and Moresque), 19-22; 
Italian faience works, 22-24; French 
faience, 24-29; German, Dutch and 
various faience, 29-31; English faience, 
81-82 ; stoneware, 32-84; Oriental por- 
celain, 34-35; European porcelain, 35- 
88; contemporary ceramics, 38-48. 

Hoechst on the Mein ware, 30; secret of 
porcelain manufacture acquired for, 
36. 

Hoehr, Famous stoneware of, 33. 

Hollow bricks. See under Bricks. 

Homogeneisation of soft bodies, Opera- 
tions for, 152-158; of stiff body, 161. 
See Pugging, Rolling mills. 

Horizontal intermittent kilns with single 
furnace, described 363, illustrated 363, 
864; with several fireplaces, 375-376. 

Hydrate of alumina, its presence in 
natural clays doubtful, 55. 

Hygrometric water, Use of, 90. 


I. 
Immersion, Application of glazes by, 295- 
297 


Impermeable pottery, 11, 12-18; second- 
ary characteristics of, 12-18; classes, 
is divided into, 14; discovery of, by 
Chinese, 16. 

Impregnation, Colouring by, 423. 

Impurities, Accidental, in natural clays, 
56-57. 

India, Early mention of pottery in the 
Vedas of, 15-16. 

Infusorial clay, Composition and origin 
of, 88; use of, 88. 

Inlaid tiles, 679-682. 

Intermittent kilns with up draught, de- 
scribed 354, 356, sllustrated 354, 355; 
with down draught, 356-363 ; horizontal, 
with single furnace, described 363, 
tllustrated 368, 364. 

Iridium as a colouring material for 
pottery, 414. 

Iron as a colouring material for pottery, 
409-410. 


— lustres, 438. 


— ore in natural clays, 57. 


Hautefeuille and the true formula for  — oxides in natural clays, 54-55; pro- 


pure clay, 46. 
Heat, Disaggregation by. See under Dis- 
aggregation. 


portion of oxide of iron in plastic bodies, 
101. 


— stone, use of the term, 7. 
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Italian faience works, 22-24: use of plum- | Lead, Oxide of, in glazes, 275; oxides 


biferous glaze, 22; introduction of 
stanniferous opaque enamels, 22-23 ; 
invention of majolica, 28; importance 
and principal seats of industry, 23-24 ; 
leading artists, 23-24 ; examples of, 28- 
24; Deck on majolica, 24; growth and 
decline of, 24. 


J. 


Jaeger type of vertical mill, described 
126, «illustrated 127; particulars of 
different models, 126. 

Jannot type of vertical mill, described and 
illustrated, 125-126; pulveriser, de- 
scribed 164, illustrated 166. 

Jigger, illustrated, 215; making of batts 
on the, explained 216-218, tllustrated 
217. 

Johnson and Blake on the causes of 
plasticity of clay, 46. 

Jolleys, described, 218-214 ; jolley heads, 
ellustrated, 218, 214; upright jolley, use 
of 215, illustrated 216. And see under 
Moulding. 

Jsoni, Style of Chinese porcelain of the 
time of the Dynasty of, 34. 


K. - 


Kaolin, Discovery of use of, for porcelain 
manufacture, 35-36; beds discovered in 
Cornwall and at Alençon, 37; derivation 
of the word, 51n; pure, 59; alkaline, 
59; silicious, 59; alkaline silicious, 59- 
60; ferruginous, 60; chief beds of, 60; 
examples of analyses of different, 65. 

— earth as a raw material of glazes, 279; 
influence of firing on volume and 
density of, bodies, 306-307. 

— pottery, 11. 

Kerl, Bruno, System of classification of, 
11-12; ‘Ceramic Industries” by, 11; 
examples of analyses of clays by, 66; 
analyses of halloysite and lenzenite by, 


Kilns, Reverberating, 117; sliding, 117. 
See under Firing. 

Klaproth, Analysis of cymolithe by, 69. 

Knaffl, Examples of analyses of clays by, 


Knapp, System of classification of, 10. 

Kolbe, System of classification of, 10-11. 

Kouen-ou, first Chinese potter, 16. 

Kung-Long, Present standard of Chinese 
porcelain dating from Dynasty of, 84; 
its characteristics, 34. 


L. 


Lacroix and invention of vitrifiable 
crayons, 441. 

‘“‘ La France,” by Deck, quoted, 626-627. 

Lambeth, Dutch factory at, 31; Messrs. 
Doulton’s factory at, 34. 

Latarche’s actinometric pyrometer, 899. 

Lathes for turning, described, 193-194 ; 
sllustrated, 194. 


and salts of, as raw materials of glazes, 
283-285; red and white, ditto, 284-285 ; 
ore, ditto, 285. 

— lustres, 438. 

Lecaze disaggregating stove, illustrated, 
114-115. 

Le Chatelier and the true formula for 
pure clay, 46; method of distinguish- 
ing hydrosilicates of alumina in natural 
clays, 58; on materials analogous to 
clay, 68; on composition of collyrite 
and allophane, 68-69; on composition 
of marls, 79; and dehydration of hydro- 
silicates of alumina, 88; his thermo- 
electric pyrometer, 399-400 ; and optical 
pyrometer, described 400-401, sllus- 
trated 401. 

Leclaire filter press, described, 177-178 ; 
dlustrated, 171. 

Le Croisic, Italian factories at, 25. 

Leeds factories, popularity and fame of 
their productions, 31. 

Lenzenite, Use of, 68; where found, 68; 
analyses of, by Brongniart and Bruno 
Kerl, 68. 

Lever press for moulding by compression, 
described, 226-227 ; sllustrated, 225. 

Levigating mills, described, 169; sllus- 
trated, 170. 

Levigation, Use of, for determining tex- 
ture of clays, 92-93; tests showing 
results obtained by, 94-95; use of, for 
testing silicious substances, 98; of 
sands, objects of, 146; methods of, 
146-147. 

Light bricks. See under Bricks. 

Lignites as fuel, 327. 

Lime, Use of, as a flux, 79; method of de- 
termining proportion of, in clay, 91-92; 
proportion of, in plastic bodies, 101; in 
glazes, 275; as a raw material of glazes, 
282; carbonate and sulphate of, ditto, 
282; phosphate of, ditto, 287; influence 
of, on fusibility of bodies, 808-804; 
defects arising from, in bodies, 814-315; 
basic fireclay goods with, 595; with 
lime and magnesia, 594-595. See under 
Carbonate, Sulphate. 

Limoges, First hard porcelain works at, 
87. 

Limousin, greatest centre of hard porce- 
lain production in France, 42. 

Linant Bey, Discoveries by, in Egypt, 15. 

Litharge as a raw material of glazes, 283- 
284. 

Liverpool, the cradle of English soft porce- 
lain manufacture, 37. 

Loizeau grinder, Weidknecht-Schoeller’s, 
described, 121-122; different patterns 
of, 122. 

Louis XV., founder of Sévres factory of 
soft porcelain, 37. 

Luke, Guild of Saint, founders of Delft 
ware, 30. 

Lustres, Metallic, decoration with, 486- 
488: gold, 437-488; platinum, 438; 
silver, 488; cantharides, 488; various 
other, 488. 

Lustre ware, 552-554, 
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Macheleidt, chemist, porcelain works 
founded by, 36. 

Maercker, Examples of analyses of clays 
by, 65. 

Magnesia, Proportion of, in plastic bodies, 
101 ; in glazes, 275; as a raw material 
of glazes, 288 ; influence of, on fusibility 
of bodies, 803-804 ; defects arising from, | 
in bodies, 314-315 ; basic fireclay goods | 
with, 598-594 ; with magnesia and lime, 
594-595. See under Carbonate. 

Magnesic fluxes, 82. 

Magnesite, where found and used, 69; 
analysis of, 69. 

Majolica, derivation of word, 23; origin 
of ware, 23; importance of manufacture : 
in Italy, 23-24; Deck on, 24; growth 
and decline of, 24. 

Majorca, the seat of manufacture of His- 
pano-Moresque faience, 21. 

Malaguti and mistaken formula for pure 
clay, 45. 

Manganese as a colouring material for 
pottery, 412. 

Marbled effects, how obtained, 427. 

Marco Polo and discovery of place of 
origin of Chinese porcelain, 35. 

Maret, Examples of analyses of clays by,66. | 

Mariette Bey on ceramics in Egypt, 15. 

Marls, Use of, in place of clay, 69-70; use 
of, as fluxes, 79; Le Chatelier and Vogt 
and the composition of, 79. 

Mechanical purposes, Porcelain for, 726- 
727. 

Meissen, Discovery of kaolin by Bôttcher 
at, 35-36 ; first hard porcelain works 
established at, 36. 

-— gilding, 487. 

Memphite period, Discoveries relating to 

the, 15. 
Meslans apparatus for analysis of gases, 











Mesuré and Nouel's pyrometric telescope, 
described and illustrated, 400. 

Metals, Colouring, for pottery, 409-414 ; 
decoration with, 435-436. 

Metallic lustres, Decoration with, 436- 
438 ; sulphides in natural clays, 55. 

Mexico a birthplace of ceramics, 16. 

Mica, in natural clays, 53-54, 56. 

Michaelis, Examples of analyses of clays 
by, 67. 

Microscope, Use of, for determining tex- 
ture of clays, 92. 

Ming Dynasty, High degree of perfection 
attained in porcelain manufacture 
under the, 35. 

Mingling as an operation in the manu- 
facture of glazes, 289. 

Mixing as an operation in the manufacture 
of glazes, 287-289, 292-295. 

Moner, Examples of analyses of clays by, 


Molybdena in natural clays, 56. 

Monumental earthenware, Persian, un- 
equalled, 19-20. 

Moors, Introduction of art of faience into 
Europe by the, 21. 


| Muscovite. 
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Morel mill, The, 128. 

Mortar, Fireclay. 
goods. 

Moss, Decorative effect known as, 441. 

Moulding, 206-282 : 

By hand, 206-212: with wooden moulds, 
described 206-207, tllustrated 206; 
with plaster moulds, described 207- 
212, illustrated 210, 212. 

On the jolley, 212-220: machines for, 
described 212-216, illustrated 213, 214, 
215, 216 ; processes of, explained 216- 
220, illustrated 217, 218, 219. 

By compression, 220-231: moulds, de- 
scribed 220-225, illustrated 221, 222, 
223 ; presses, described and tllustrated, 
225-231. 

By slip casting, 231-232. 

Moulding, Defects in bodies arising after 
firing from, 312; decorative, of body, 
421-428; of plain ordinary bricks by 
hand, 450-452; by machine, 452-458 ; of 
ordinary tiles, 510-512; of paving tiles, 
534 ; of argillaceous fireclay goods, 579- 
583; of feldspathic faiences, 641-647 ; 
of hard porcelain, 709-714. 

Moulds for hand moulding, Wooden, de- 
scribed 206-207, illustrated 206 ; plaster, 
207-209 ; for moulding on the jolley, 
214-215; for moulding by compression, 
220-225: squeezing moulds, described 
220-228, illustrated 221, 222; compress- 
ing moulds, described 228-225, illus- 
trated 223. 

Mountain tiles, 509; manufacture of, 515. 

Moustiers, New decorative art of, 27; 
history of the school, 28; Garnier on, 
28: its wide influence, 28; at end of 
18th century, 28. 

Muffle kilns, described, 876-378; «llus- 
trated, 376, 377. 

See Mica. 


See under Fireclay 


N. 


Nanking pottery, Origin of, 34. 

Nantes, Italian factories at, 25. 

Nature of the body, Influence of, on dry- 
ing, 241-243. 

Needham, Solution by, of the difficulty of 
stiffening bodies by artificial means, 
174. 

Netherlands. See Dutch faience. 

Neutral atmosphere of kiln, 388 ef seq. 

Nevers faience, 26-27; Garnier on, 27; 
at close of 18th century, 28-29. 

Newcastle-on-Tyne, Dry pulverisation of 
silex at, 73. 

New Sévres porcelain, 733-734. 

Nickel as a colouring material for pottery, 
412. 

Nineveh, Discoveries in the ruins of, 15. 

Non-plastic materials for ceramic bodies, 
71-76: use and nomenclature, 71; 
silicious materials, 71-73; sands, 73- 
74; calcareous materials, 74-75; car- 
bonaceous materials, 75; pulverised 
fired bodies, 75-76. See Grog, Sands, 
Silica. 


INDEX. 


Non-plumbiferous varnished  faiences, 
Common, 605-606. 

Nouel. See Mesuré. 

Nuremberg faience, Characteristics of, 


0. 


Oiron faience, 25; characteristics of, 25; 
classification and manufacture of, 601- 
602. 

Opaque enamels, Definition of, 277 ; por- 
celain, use of the term, 7. 

Opening materials for ceramic bodies. 
See under Non-plastic. 

Optical pyrometer, Le Chatelier’s, de- 
scribed, 400-401; illustrated, 401. 

Order of Jerusalem, Persian art at Rhodes 


under, 22. 
Ordinary bricks, Plain. See under Bricks. 
— tiles. See under Tiles. 


Organic materials in natural clays, 55. 

Oriental porcelain, Chinese origin of, 84 ; 
characteristics of earliest productions, 
34; progress in manufacture, 34; Nan- 
king pottery, 34; perfection attained 
under Ming Dynasty, 34; further 
modifications, 34; present standard 
attained under Kung-Long Dynasty, 
34 ; characteristics of Chinese porcelain, 
34; erroneous classification of same, 
84-35; localities of manufacture, 35; 
introduction into Europe, 85; Japanese 


porcelain, history and characteristics 
of, 35. 
Ornamental bricks. See under Bricks. 


Over glaze colouring, 431-435. 

Oxide of iron, Method of determining 
proportion of, in clay, 91. 

Oxidising atmosphere of kiln, 388 ef seg. 


P. 


Padua majolica, 24, 

Palissy, Bernard, biographical notes, 25- 
26; discovers secret of white enamel, 
25; original faience by, 25-26; stove 
tiles and rustic ‘‘figulines” by, 26; 
estimate of, by Brongniart, 26; his 
secret dies with him, 26. 

Panels in enamelled faience, 619-624. 

Parian porcelain, 42, 736-737. 

Paris, Early glazed vase industry at, 25. 

Pastillage, 427. 

Patanozzi, Antonio, and Urbino majolica, 


28. 

Paving tiles, Mechanical causes of dis- 
aggregation of, 557. And see under 
Stoneware. 

Pebble work, 601, 635. 

Pegmatite as a raw material of glazes, 
279. 

Percy, Examples of analyses of clays by, 
66 


Perforating, 233. 

Permeable pottery, 12-18: secondary 
characteristics of, 12-18; classes divided 
into, 18. See Porous pottery. 

Perrot trial kiln, described, 
sllustrated, 320. 

Persia, Monumental earthenware from, 20. 


821-822; 


751 


Persians, The ancient, as manufacturers 
of earthenware, 16. 
Pesaro, Early use of plumbiferous glaze 
at, 22; majolica manufactures of 24; 
their leading artist, 24. 
Philadelphia clay, Gold in, 56. 
Phoenicians, Influence of the, on cera- 
mics, 16. 
Phosphate of lime, Use of, as a flux, 82. 
Phosphated porcelain, Soft, 728-780. 
Phospho-calcareous fluxes, 82. 
Phosphoric acid in natural clays, 55; 
proportion of, in plastic bodies, 101; in 
glazes, 274. 
Phosphorite, Use of, as a flux, 82; where 
found, 82. 
Photography as a means of decorating 
pottery, 441. 
Pietersz, Herman, Adrian and Gerrit, and 
Delft, 80. 
Pipe machine, Combined pug. See Blade 
propellers. 
— — Spiral. See Screw propellers. 
Pipes, 537-541 : for gas channels, 537-541 ; 
for water courses, 541; mechanical 
causes of disaggregation of, 557. See 
under Stoneware. 
— Tobacco, Manufacture of, 550-552; 
centres of manufacture of, 552. 
Pipeclay faiences, 601, 631-635. 
Piston propellers. See under Propellers. 
Plain ordinary bricks. See under Bricks. 
Plaques, Clay, ancient chronicles on, 15. 
Plaster moulds, 207-209; moulding with, 
described 209-212, illustrated 210, 212. 
Plastic bodies, Definition of, 1. 
Properties and composition of, 100-111 : - 
chemical composition of, 100-108; 
forms and proportions of water in, 
108-104; texture of, 104-107; con- 
sistency of, 107-108; plasticity of, 
108-111. 

Preparation of raw materials, 111-149, 
See under Raw materials. 

Preparation of bodies, 150-181. See 
under Bodies. 

See also under Consistency, Plasticity, 
Texture. 

Plasticity, Variation of, in proportion to 
consistency and pressure, 108-111; in- 
fluence of water in formation by hand, 
108-109 ; and by means of machinery, 
109-110; summary of relations between 
plasticity and consistency and pressure 
corresponding to mode of formation, 
110. 

— of clays, 95-97: basis of, 95; estima- 
tion of, by touch, 95; Bischof's com- 
parative process, 95-96; results of tests 
on French clays with Fontainebleau 
sand, 96; results obtained with quartzy 
sand, 96-97; use of briquettes to deter- 
mine, 97. 

Platinum as a colouring material for 
pottery, 413; use of, in metallic state 
for decorating pottery, 485, 436 ; lustre, 
4388. 

Plumbiferous glaze, 22; 
faience, common 602-605, 
non- 605-606. 


varnished 
common 
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Plungers. See Piston propellers. 
Pontaillier, Early glazed vase industry at, 
25. 


INDEX. 


Pouillet, Results obtained by, in measur- 
ing temperature by eye according to 
colour of ware or of wails of kiln, 395. 


Porcelain, misuse of the term, 7; clay | Pouring, Application of glazes by, 297. 
pottery, 11; influence of, on stanniferous | Pourtalès, Comte de, Examples of Palissy's 


enamelled faience in France, 29. See 
Chinese porcelain, Opaque porcelain. 
Porcelain, 700-738 : 
Classification, 700-701. 
Hard porcelain, 702-728 : Porcelain for 
table ware and for decoration, 702- 
724: composition of the body, 702- 


art in collection of, 26. 

Presses for moulding by compression, de- 
scribed and illustrated, 225-231: by 
shock, 225-228; by pressure, 229-231 ; 
for manufacture of plain ordinary 
bricks, 462-468; of ordinary tiles, 516- 
524; of paving tiles, 535-536. 


707 ; composition of the glaze, 707- | Pressing, Defects in bodies arising after 


708; preparation of the body, 708- 
709; moulding, 709-714; 
warming and application of the 
glaze, 714-715; burning, 
saggering, 718-719; decoration, 720- 


firing from, 812. 


drying, | Pressure, Presses acting by, described, 


229-281 ; sllustrated, 228, 229, 230. 


715-718 ; | Profiles for moulding on the jolley, 215- 


216; profile tool, illustrated, 215. 


728 ; general arrangements of works, | Propellers, Piston, described 198-199, ¢- 


723-724.—Porcelain for the fire, 724- 
725.—Porcelain for electrical conduits, 
725.—Porcelain for mechanical pur- 
poses, 726-727.—Architectural porce- 
lain, 727.—Dull or biscuit porcelain, 
727-728. 

Soft phosphated or English porcelain, 
728-730. 

Soft vitreous or French porcelain, 731- 
732. 

Soft vitreous or New Sèvres porcelain, 
738-734, 


lustrated 198, 199, 200; blade, described 
199, illustrated 201; single screw, de- 
scribed 199-203, tllustrated 201, 202; 
twin screw, described 203, illustrated 
204 ; cylindrical, 204; for manufacture 
of plain ordinary bricks with pistons, 
455; with blades, 455; with single 
screw, 455 et seqg.; with two screws, 
462; with cylinders, 462. 

Prôssel, Composition of glazes for pipeclay 
faiences by, 638-634; for feldspathic 
faiences, 688. 


Argillaceous soft or Seger’s porcelain, | Prosser, the inventor of dull feldspathic 


735-736. 


soft porcelain, 737. 


Dull soft or Parian porcelain, 736-737. | Pug. See under Fireclay goods. 
Dull Feldspathic soft porcelain, 737-| Pugging, Primitive methods of, 154; 


738. 

Illustrations: Mechanical making of 
plates, 712; wheel for forming oval 
pieces with a templet, 718; methods | 
of saggering, 719; muffle kiln, 723; 
porcelain objects for electrical chan- 
nels, 726. 

Porcelain clay pottery, 11. 

— works, General arrangements of, 723-4. 

Porosity, Importance of, as a characteristic 
of ceramic ware, 12. 

Porous pottery, 10, 11. 
pottery. 

Potash, Influence of, on fusibility of 
bodies, 808-304 ; carbonate of, as a raw 


material of glazes, 281; and nitrate of, | Purification. 


281-282. 

Poterat, Louis, creator of the Rouen 
style, 27; and the discovery of soft 
porcelain, 37. 

Potter’s cog wheel, described 185-186, 
illustrated 185; cone drum wheel, 
described 188-189, illustrated 188; 
machine wheels, described 186-189, 
illustrated 186, 187, 188; string wheel, 
described 185-186, illustrated 185; 
wheel, described 184-185, 2llustrated 
184. 


vertical pug mills, described 154-156, 
illustrated 156; table of conditions of 
working of vertical pug mills with 
mechanical motive power, 156; hori- 
zontal pug mills, described 157-160, 
tllustrated 157, 158, 159; table of con- 
ditions of working of horizontal pug 
mills with mechanical motive power, 
158; rolling mills and pug mills com- 
bined, described 160, illustrated 157, 
161, 162; object of, 181. 


See Permeable | Pulverisation as an operation in the manu- 


facture of glazes, 288-289. 

Pulverisers, Use of, 163-164 ; Jannot’s, de- 
scribed 164, illustrated 166. 

See under Raw materials. 

Purifier, Electrical, for the manufacture 
of glazes, described, 294-295 ; sllustrated, 
296. 

Pyrometers, 398-401 : Wedgwood’s, based 
on expansion of bodies, 399; Sainti- 
gnon’s, by circulation of water, 399; 
Latarche’s actinometric, 399; Siemens’ 
electric, 899; Le Chatelier’s thermo- 
electric, 899-400; Mesuré and Nouel’s 

yrometric telescope, described and 
tllustrated, 400; Le Chatelier’s optical, 
described 400-401, zllustrated 401. 


Pottery, Derivation of the word, 2n;| Pyrometric telescope, Mesuré and Nouel’s, 


common, 547-549 ; for water, 549-550. 


described and t/lustrated, 400. 


See Ceramic ware, Clayey pottery,|— tests, 895-401: specimens of the body, 


Dense pottery, Impermeable pottery, 
Kaolin pottery, Permeable pottery, 
Porcelain clay pottery, Porous pottery, 
Solid pottery. 


896; metals, 396; Seger’s, 396-398 ; in 
use, 398 ; illustration of and explanation, 
898. See also Pyrometers. 
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Q. 


Quarries, Charging with, described and 
illustrated, 384. 

Quartz in natural clays, 56, 57 ; how and 
where found, 72; pulverisation of, 72- 
78 ; &s a refractory material, 88 ; method 
of disaggregation in use for, 116-117. 

Queen's ware, origin of the term, 81. 


R. 


Raeren, Stoneware first manufactured at, 
82 ; its characteristics, 82-38. 

Raphael, Works of, reproduced in majo- 
lica, 28-24. 

Rapidity of drying, Influence of, 247-248. 

Raw materials (other than clays) of cera- 
mic bodies, 67-85 : 

Classification of, 67: analogous to 
clay, 68-70; agglomerative and ag- 
glutinative, 70-71; opening or non- 
plastic, 71-76; fusible, 77-82; re- 
fractory, 83-85. 

Trials of, 98-99 : silicious substances, 
98 ; alkaline fluxes, 98-99 ; sulphate 
of lime, 99. 

See also Clays, trials of. 

Raw materials, Bourgerel's graphic 
method of determining proportion of, 
for a given plastic composition (illus- 
trated), 102-108. 

— — Preparation of, 111-149: 
Disaggregation, 111-130: processes of, 

111; natural, 111-118; by heat, 118- 

118; mechanical, 118-180. See under 

Disaggregation. 

Purification, 180-149: processes of puri- 
fying, 190-182. See Chemical puri- 


fying, Electric purifying, Sifting, 
Sorting, Ventilation, Washing of 
clays. 


— — of glazes, 278-287 ; preparation and 
mixing of, 287-289, 

Rectangular kiln with down draught, de- 
scribed 957-358, illustrated 857; with 
upper dome, 858- 86] ; with lower dome, 
361. 


Reds, Preparation of, for pottery, 416-417 ; 
how obtained, 425. 

Red hematite in natural clays, 57. 

— lead as a raw material of glazes, 284. 

Reducing atmosphere of kiln, 388 et seg. 

Refractory clays, 60-62: pure, 60-61; 
plastic, 61; silicious, 61; chief beds of, 
61-62; examples of analyses of different, 
65-66. 

— fired bodies, Definitions of, 18. 

— materials for ceramic bodies, 88-85. 

Regenerators, 878-380: a misnomer, 878n ; 
intermittent, 379 ; continuous, described 
879-880, illustrated 880; brick for same, 
tllustrated, 379. 

Repairing, 233. 

Repressing of plain ordinary bricks, 468- 
475 


Reverberating kilns, Use of, for disaggre- 
gation, 117. 
Revolving dryer, tllustrated, 262. 
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Reygens, Augustijn, and Delft, 30. 
Richter, Examples of analyses of clays by, 
66 


Ridge tiles, 510. 
Ringler and the sale of secret of porcelain 


manufacture, 36 ; with Hannong founds 
factories, 86; robbed of his secret, 86. 


Robbia family, Influence of, on ceramic 


art of Italy, 22-28; Andrea della, 28; 
Girolomo della, 25; Luca della, creator 
of new kind of faience in Italy, 22-23. 

Roller dies, sllustrated, 204. 

Rolling grinders for mechanical disaggre- 
gation, 127-129 : use of requirements of, 
127-128 ; Boulet grinder with plain 
rollers, illustrated, 128; Schlickeysen 
toothed roller machine, 198 : treatment 
of clays with, 128-129 ; specifications, 


129. 

— mills, described, 1583; method of esti- 
mating production and motive force of, 
153; pugging with, 158-154; with cir. 
cular fluting and of conic form, described 
158-154, tllustrated 154, 155; and pug 
mills combined 160, illustrated 157, 161, 
162. 

Romans, creators of fired wares for build- 
ing, 18; their art compared with Greek 
art, 19; its decline, 19; revived by 
Renaissance, 19. 

Rôrstrand crockery ware, 81. 

Rouen faience, 27; miportance of its 
style, 27; at end of 18 century, 28. 

Rough stuff. See Grog. 

Round kiln with up draught, described 
856, illustrated 855; with down 
draught, described 358, illustrated 3659 ; 
with upper dome, described 358, 361, 
sllustrated 360; with lower dome, de- 
scribed 361, sllustrated 862. 

Rovigo, Francesco da, and Urbino ma- 
jolica, 28. 

Runcorn, Dry pulverisation of silex at, 
78. 


Saggarah, Pyramid of, discoveries in, 15. 

Saggers, illustrated, 385; charging in, 
384-386; manufacture of, 581-582; 
moulding machine for, described 582- 
588, wlustrated 582; setting and 
placing of feldspathic faience in, 652- 
655; saggering of hard porcelain for 
table ware and decoration, 718-719. 

Saint-Amand factories of soft porcelain, 
37. 

Saint-Antoine, Pure allophane found at, 


69. 
Saint-Cloud, Discovery of soft porcelain 
at, 37 
St. Petersburg porcelain works, 36. 
Saint-Porchaire, seat of manufacture of 
‘‘Henri Deux ”’ faience, 25. 
Saint-Sever, Collyrite extracted at, 69. 
Saint-Valéry-sur-Somme, Dry pulverisa- 
tion of silex at, 73. 
Saint-Yrieix beds of kaolin, Discovery of, 


87. 
Saintes, Early glazed vase industry at, 25. 
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Salts, Use of, as fluxes, 77-78. 

Salting of stoneware pipes, 687-690. 

Salvetat, System of classification of, 9-10; 
and mistaken formula for pure clay, 45 ; 
examples of analyses of clays by, 65, 
66, 67; on the chemical purifying of 
raw materials, 148; on the composition 
of black lustre, 554; on the composition 
of Oiron faience body, 601. 

Sands, Composition of, 73; quartzy, 73- 
74; feldspathic, 74; micaceous, 74; 
ferruginous, 74; calcareous, 74; clayey, 
74; composite varieties of, 74; saline, 
74 


Sanitary stoneware, 691-692. 

Savignies, Early glazed vase industry at, 
25; stoneware, 33. 

Savona majolica, 24. 

Saxony porcelain ware, 81. 

Scaling, Cause of, 317; remedy for, 318; 
action of silica in respect of, 318-819; 
action of fluxes in respect of, 319. 

Schlickeysen toothed-roller grinder, 128. 

Schloesing and the true formula for pure 
clay, 46. 

Schmelzer blunger, Method adopted in, 
148 


Schmidt disaggregating. stove, illustrated, 
115-116; use of rolling machine as pro- 
peller in purifier by, 138. 

Schoeller. See Weidknecht-Schoeller. 

Schone, Apparatus proposed by, for separ- 
ation of grains in clays, tllustrated, 98- 
94. 

School of Mines, Paris, Examples of 
analyses of clays by, 65. 

Schulz, Apparatus proposed by, for separ- 
ation of grains in clays, tdlustrated, 98. 

Sohwarz, Examples of analyses of clays 
by, 66. 

Scraping, 238. 

Screw press for moulding by compression, 
described, 227-228; illustrated, 226, 
227. 

Screw propellers. See under Propellers. 

Seger and the true formula for pure clay, 
46; on yellow and green settlings on 
terra cotta of clay from north of Ger. 


many, 56; examples of analyses of | 


clays by, 65, 66, 67; on transformation 
of crystalline into amorphous silica, 
72; system of classification of sizes of 
grains in olays by, 94; tests on texture 
of clays showing results obtained by 
levigation by, 94-95; pyrometric tests 
by, 396-398 ; composition of bodies for 
feldspathic faiences by, 687; analyses 
of unburnt porcelain bodies by, 704; 
Seger’s porcelain, 735-736; ‘‘ Seger’s 
Gesammelte Schriften,” quoted, 735. 

Semi-continuous kiln, tllustrated, 875. 

Separators, described, 144; «illustrated, 
144, 145. 

Settling tanks, Use of, explained, 144-146; 
illustrated, 145. 

Sévres, Establishment of soft porcelain 
factory by Louis XV. at, 87; secret of 
hard porcelain acquired, 37. 

Shape, Influence of, on drying of bodies, 
246-247. 
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Shells in natural clays, 57. 

Shock, Presses acting by, 225-228. 
Shrinkage as a basis for measuring tem- 
perature of kiln, 895. 

Sicily, Arabian faience ware in, 22. 

Siculi-Arabian faience ware, 22. 

Siegburg stoneware, 83. 

Siemens’ electric pyrometer, 399. 

Sieve, Use of, for determining texture of 
clays, 92. 

Sifting as a process of purifying raw 
materials, 180, 138-188 ; of dry pulveru- 
lent materials, 138 ; of liquid materials, 
184; of pasty materials, 188; Cham- 
brette purifier, described 184-185, ¢llus- 
trated 184; Groke purifier, described 
and illustrated, 185; Chambrette hy- 
draulic purifier, described 135, tllustrated 
186; Brethon (Delahaye) hydraulic 
purifier with screw propeller, described 
186-187, tilustrated 137 ; use of rolling 
machines as _ propellers, 187-188 : 
methods of, 173-174; apparatus for, 
described 173-174, tllustrated 173; ap- 
plication of glazes by, 297-298. 

Silex in natural clays, 57; how and where 
found, 73; pulverisation of, 78; where 
industry carried on, 78; as a refractory 
material, 83; method of disaggregation 
in use for, 116-117. 

Silica in natural clays, 54; importance 


formation of crystalline into amorphous, 
72; as a refractory element for clays, 
_ 88; different forms of, 83-84; proportion 
| Of, in plastic bodies, 100 ; in glazes, 274; 
as a raw material of glazes, 278; in- 
fluence of, on fusibility of bodies, 304- 
| 805; action of, in respect of scaling and 
crazing, 818-819; influence of, on pure 
i clay as affecting its fusibility, 574-575 ; 
' mixtures of, and alumina, scale of fusing 
' temperatures of, 575. See Amorphous 
| silica, Crystalline silica. 
Silicates as raw materials of glazes, 278- 


279. 
See Maris. 


| of, in ceramics, 71 ; forms of, 71; trans- 





Silicate of lime. 

Silicious faiences, 601, 624-631; fireclay 
goods—see under Fireclay goods; sub- 
stances, levigation as a test for, 98; 
chemical analysis of, 98. 

. Silver as a colouring material for pottery, 
413; use of, in metallic state for de- 
corating pottery, 485, 486; lustre, 438. 

Slabs, Charging with, described and ellus- 
trated, 384. 

Slapping. See Wedging. 

Sliding kilns, Use of, for disaggregation, 
117. 

Slips, Coloured, 426-427. 

Slipping, 234, 235-287; the process ex- 
plained, 18-19. 

Slow firing, 387. 

Smoking, 386-387. 

Soda, Influence of, on fusibility of bodies, 
808-804 ; carbonate of, as a raw material 
of glazes, 280-281; sulphate of, as a raw 
material of glazes, 281. 

Sodium chloride as a raw material of 
glazes, 281. 
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Soft body, Plastic method of preparation | Stoneware (continued) — 


of, 151-160. 

— bodies, Brongniart’s use of the term, 
8, 9. 

— glazes, Definition of, 277. 

— porcelain, Discovery of, 37. 

— porcelains, 728-788: phosphated or 
English, 728-730; vitreous or French, 
781-732; vitreous or New Sèvres, 738- 
734; argillaceous or Seger’s, 735-736 ; 
dull or Parian, 736-787; dull feldspathic, 
787-738. 

Solid pottery, 10. 

Soliman II., Brilliant period of Persian 
art at time of, 22. 

Soluble salts in bodies, Defects arising 
from, 313-314; in clay, method of deter- 
mining proportion of, 92. 

Sorting as a process of purifying raw 
materials, 180, 182-188; manual, 182; 
mechanical, 182 ; Brewer purifying 
machine, described and illustrated, 182- 
158. 

Spraying, Application of glazes by, 298. 

Sprigging, 235. 

Sprinkling, Application of glazes by, 297- 
298 


Square kiln with up draught, described, 
854, 356 ; illustrated, 354. 


Squeezing moulds. See under Moulds. 


Staffordshire, Manufacture of porcelain | Stôpzel, 


with kaolin introduced into, 37-88 ; com- 
bined factories of faience and stoneware 
in, 84. 

Stampers for mechanical disaggregation, 
118-120; disadvantages of, 119; de- 
scribed, 119-120; sllustrated, 119. 

Stamping, 422-428. 

Stanniferous opaque enamels, Introduc- 
tion of, in Italy, 22. 

Statues, 545-547 ; stoneware, 697-698. 

Steatite. See Talc. 

Steinbrecht, Examples of analyses of clays : 
by, 65. 

Sticking, explained, 233-234, 235; 
trated, 284 

Stiff body, Plastic method of preparation 
of, 160-163; machinery for, described 
161-163, illustrated 163, 164, 165. 

Stiffening, 174-181; 
plained, 174; by artificial means, 174- 
175; the difficulty overcome by Need- 


sllus- 


the operation ex- | 





Stoneware properly so called (contind.)— 
Pipes, 682-691 : forms and dimensions, 
682; composition, 682-688; moulding, 
683-687 ; burning and salting, 687-690 ; 

tests, 690-691. 

Sanitary ware, 691-692. 
Stoneware for food purposes and 

chemical productions, 692-695. 
Architectural stoneware, 695-697. 
Vases, statues, and other decorative 

objects, 697-698. 

Fine stoneware, 698-699. 

Illustrations: Paving tiles, 664; ma- 
chines for expressing tiles, 670, 671 ; 
cutting apparatus for tiles, 672; 
machine for polishing tiles, 678 ; 
machine for trimming tiles, 674; 
hydraulic press for moulding tiles, 
676; kiln with continuous firing, 
with several chambers, heated by gas, 
678; templet for inlaid tiles, 679; 
moulding of inlaid tiles, 680, 681; 
pipes, 688; machines for expressing 
pipes, 685, 686 ; machine for finishing 
pipes, 687; semi-continuous kiln for 
burning pipes, 689; sanitary pottery, 
692; stoneware for preparing food 
and chemicals, 693; kiln for stone- 
ware, 694. 

founder of Vienna porcelain 

works, 86. 


Stoves, Varnished faience, 618. 

Stove tiles in enamelled faience, 619-624. 

Strassburg faience, Characteristics of, 28 ; 
“Garnier on, 28; Hannong family the 


founders of, 28; factories of soft porce- 
lain, 87. 


Straw as a fuel, 327. 
Streaks as a means of decoration, 489. 
Strontia in glazes, 275; as a raw material 


of glazes, 283. 


Sulphate of lime in natural clays, 55; use 


of, as a flux, 79-80; 


testing of, by 
chemical analysis, 99. 


Sulphide of iron in natural clays, 55, 57. 
Sulphuric acid, Use of, to ascertain con- 


stitution of clay, 86-87 ; proportion of, 
in plastic bodies, 101. 


Sulphurous fumes in atmosphere of kilns, 


Defects in bodies due to, 818. 


Susa, Monumental earthenware from, 20. 


ham, 174; Talabot's filter, 175. And see | Sweden, Stanniferous ware factories of, 31. 


Filter presses. 


among the Ancients, 32; in the Middle ! 
Ages, 82; establishment of the manu- 
facture in the 15th century, 32; earliest 
factories, 82-38; history of, in France, 
38; in England, 88-84. | 
Stoneware, 660-699 : 
Classification, 660-663. 
Stoneware properly so called, 664-698 : 
Paving tiles, 664-682: forms and 
dimensions, 664-665 ; composition, 665- 
668; colouring, 668-669; methods of 
manufacture, 669-670 ; manufacture in 
plastic body, 670-675; manufacture in 
dry body, 675-679; inlaid tiles, 679-682 ; 
tests, 682. 





Switzerland, Stanniferous ware factories 
Stoneware, Definition of, 14; history of, | 


of, 81. 
T. 


Tables — 


Brongniart’s, of the classification of 
pottery ware, 8. 

Author's, of the classification of pottery 
ware, 14. 

Examples of analyses of clays, 65-67. 

Chemical composition of feldspars and 
feldspathic rocks, 80-81. 

Exemples of analyses of infusorial 
earths, 

Exemples” of analyses of samples of 
gannister of different origin, 84. 
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Tables (continued) — 

Examples of analyses of bauxites, 85. 

Tests on texture of clays by Seger, 
showing results obtained by leviga- 
tion, 95. 

Results of tests on French clays with 
Fontainebleau sand by M. Bischof to 
determine plasticity, 96. 

Results of tests on clays with quartzy 
sand by M. Bischof to determine 
plasticity, 97. 

Quantity of water bodies of different 
texture should contain for the 
different degrees of consistency, 108. 

Classification of machines according to 
their mode of action in mechanical 
disaggregation, 111. 

Results obtained with different models 
of the Carr disintegrator, 121. 

Details of construction of the four 
standard types of the Loizeau grinder, 
122. 

Results obtained with different current 
models of chopping grinders, 125. 

Ditto of vertical roller mills, 126. 

Ditto of roller grinders, 129. 

For estimating production and motive 
force of rolling mills according to 
the quality of the body, 158. 

Of conditions of working of vertical pug 
mills with mechanical motive power, 
156. 

Of conditions of working of horizontal 
pug mills with mechanical motive 
power, 158. 

Volume of body stiffened by different 
sizes of filter press, 179. 

Weight and volume of a plastic clay 
made by hand in the form of cylinders 
during whole time of drying, 239.241 ; 
graphic representation of same, 241. 

Results of trials with a variety of clays 
by measuring duration of drying and 
shrinkage of spaces, 241-242; graphic 

-representation of same, 242. 

Effects of modification of consistency 

of a body on duration of drying, 


INDEX. 


Tables (continued)— 


Depression, volume and weight of air 
elivered per second by a chimney 

1 metre high and 1 square metre in 
section for increasing temperature 


t, 348. 

By Pouillet showing results of measur- 
ing the temperature by eye according 
to colours of ware or of walls of kiln, 
395. 

Of metals for measuring the tempera- 
ture by melting and volatilising in 
the kiln, with the temperature corre- 
sponding with their change of state, 
896 


Composition and order number of 
Seger’s series of pyrometric tests, 
896-397. 

Order number of tests in use in various 
potteries, 398. 

Corresponding variations of colour and 
temperature in tests for gold, 442. 

Dimensions and volume of best known 
types of ancient and modern bricks, 
449, 

Production in twenty-four hours of 
continuous kilns of various dimen- 
sions and varying volume of compart- 
ment, 488. 

Composition of black lustre according 
to Salvetat, 554. 

Composition of the seven typical clays 
of M. Bischof, 577. 

Composition of the body of a number 
of enamelled faiences by Brongniart, 
616. 

Composition for enamel of faience by 
Brongniart and Bastenaire-Daude- 
nart, 617. 

Results of analyses of different bodies 
of burnt porcelains, 708. 

Results of analyses by Seger of different 
unburnt porcelain bodies, 704. 

Composition of the four types of hard 
porcelain, 704, 706. 

Chemical composition of some glazes 
for hard porcelain, 707. 


shrinkage and proportion of spaces, | Table ware, Porcelain for. See under 
248-244; graphic representations of| Porcelain. 
same, 244, 245. Talabot’s stiffening filter, 175. 
Results obtained with three trial | Talavera faience, 31. 
spheres of different diameters to|Talc, Composition and analysis of, 69; 


illustrate influence of the shape of 
the objects on drying of bodies, 
246. 

Amount of heat absorbed and water 
evaporated by 1 m? of dry air at 
every 5° of temperature, 250. 

Amount of heat expended to evaporate 
1 kg. of water at different tempera- 
tures, 256. 

Number of revolutions and motor force 
employed by ventilating fans of 
different diameters to produce a 
given volume of air per minute, 
258. 

Proportion of four alkaline earthy 
bases of glaze, 275. 

Limits of variation in composition of 
glasses, 279. 


where used, 69. 


Tarring of black tiles, 581-582. 
Telescope, Mesuré and Nouel’s pyrometric, 


described and tllustrated, 400. 


Tell-el-Yadouai, Discoveries in the temple 


of, 15. 


Temperature, Defects in bodies due to 


wrong, in firing, 312; defects in glaze 
due to wrong, 316 ; agreement of bodies 
and glazes in respect of, 316-317; 
measuring the, 394-401: by eye, 894- 
895; by colour of ware or of walls of 
kiln, 895; by shrinkage, 395; by pyro- 
metric tests, 395-401. See also under 
Pyrometric. 


Terra cotta, Definition of, 13: invention 


of manufacture of, 14-16; use of, by 
Romans, 38. 


INDEX. 


Terra cotta lumber, 5017. 
Terra cottas, 446-567 : 

Classification of, 447-448. 

Bricks, 447-508: plain ordinary, 448- 
492; hollow, 492-494; ornamental, 
494-499; vitrified, 499-501; light, 
501-508. 

Tiles, 503-583 : ordinary, 503-581 ; black, 
531-538. 

Paving tiles, 533-587. 

Pipes, 537-541. 

Architectural terra cottas, 542-545. 

Vases, statues and decorative objects, 
545-547. 

Common pottery, 547-549. 

Pottery for water and filters, 549-550. 

Tobacco pipes, 550-552. 

Lustre ware, 552-554. 

Properties of terra cottas, 554-559 : 
causes of disaggregation and the 
remedies, 554-559. 

Tests for terra cottas, 559-567 : samples, 
559 ; general directions, 559-560. 

Physical tests, 560-564: observation 
of the structure or homogeneousness, 
560; specific weight, 560-561; ap- 
parent density, 561; absolute porosity, 
561; relative porosity or the weight 
of water absorbed in a given time, 
561-562 ; permeability, 562; tests for 
the resistance to frost, 568-564. 

Mechanical tests, 564-566: resist- 
ance to being broken by crushing, 
564 ; resistance to breaking by bend- 
ing, 564-565 ; resistance to being worn 
by rubbing, 565; resistance to break- 
ing by a blow, 566; resistance to 
breaking by internal pressure, 566. 

Chemical tests, 566-567 : testing for 
lime and magnesia, 566 ; determina- 
tion of the soluble salts, 567. 

Illustrations: Mill for mixing, 450; 
open mould, 452 ; die for plain bricks, 
454; brick machines, 456, 457, 459, 
468; cutting apparatus, 460, 461; 
brick presses, 464, 465, 467, 468, 469 ; 
brick moulds, 466; repressing ma- 
chines, 470, 471, 472, 478, 474; drying 
bricks, 475, 476, 477; wheelbarrow, 
477 ; little waggon, 478 ; elevator, 479; 
waggon for drying sheds, 481; drying 
sheds for bricks, 482, 483 ; burning in 
the open, 485; kiln with continuous 
firing, for solid fuel, 487; brick kiln, 
489 ; temporary brick kiln, 490; hol- 
low bricks, 493 ; flooring bricks, 494 ; 
repressed ornamental bricks, 495; 
ornamental bricks for mouldings, 496 ; 
die for bricks for mouldings, 496; 
hollow ornamental bricks, 497 ; dies 
for hollow bricks, 498, 499; kiln for 
paving bricks, 500; Roman tiles, 508 ; 
tiles of the Middle Ages, 504; round 
tiles, 505; rib tiles, 506; flat tiles, 
506; scale tiles, 507; German flat 
tile, 507; lozenged tiles, 508; Mar- 
seillaise tile, 509; mountain tiles, 510; 
hollow tile, 511; apparatus for cutting 
flat tiles, 518, 514; manufacture of 
flat tiles, 514; method of making flat 
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Terra cottas (continued)— 

Illustrations (contin 

tiles in a packet, 515; manufacture 
of round tiles, 516; machine for the 
cakes of body, 517; patterns and 
moulds for tiles, 518 ; press for making 
plaster moulds, 518; presses for tiles, 
518, 519, 522; machines for slabs 
(cakes of paste), 520, 521; framework 
or à tile, 524; wheelbarrow for tiles, 
524; charging of tiles and bricks, 525; 
fixed firebrick furnaces, 527; con- 
tinuous kiln for gas fuel, 529; con- 
tinuous kiln with trenches, 5380; kiln 
for blueing, 582; press for paving 
tiles, 536 ; types of pipes for conveying 
gas, 588; machines for pipes, 539, 
540; draw plate for drainage pipes, 
542; moulding of tobacco pipes, 550 ; 
burning of tobacco pipes, 551; ap- 
paratus for neutralising action of lime 
and magnesia, 558. 

Terra cottas, French Government methods 
of testing, 559-567. 

Terra cottas, Fireclay, chemical classifica- 
tion of, 569. 

Texture of clays, 92; methods of testing 
the, 92-95; apparatus for determining 
the (illustrated), 98-94. 

— of plastic bodies, 104-107: importance 
of determining proportion of foreign 
substances, 104-105 ; quantities of water 
required to be added to 100 parts of dry 
materials differently proportioned to 
obtain bodies of equal consistency, 105- 
106 ; effect of water on the density of 
plastic bodies, 106-107; effect of the 
electricity of air in plastic bodies, 107. 

Thai-Yong-Youen, Important develop- 
ments in manufacture of Chinese porce- 
lain under the Dynasty of, 54. 

Theban period, Discoveries relating to, 15. 

Thermic yield of kilns, 402-408 ; causes of 
loss of heat, 404-406. 

Thermo-electric pyrometer, Le Chatelier’s, 
899-400. 

Throwing, 184-194: potter’s wheels, de- 
scribed 184-186, illustrated 184, 185; 
mechanical wheels, described 186-189, 
sllustrated 186, 187, 188; processes of 
throwing, described 189-198, tllustrated 
190, 191, 192; turning, explained, 198- 
194 ; turning lathe, illustrated, 194. 

Thun factories and their peculiar style of 
decoration and glazing, 81. 

Tile works, General arrangements of, 528- 
531. 

Tiles, 508-538 : 

Ordinary, 508-531: forms and dimen- 
sions, 508-510; moulding of tiles, 510- 
512; manufacture by expression, 512- 
516; manufacture ina press with semi- 
soft or semi-stiff body, 516-520; manu- 
facture in a press with stiff body, 520- 
523; drying, 524-525; burning, 525- 
528; general arrangements of tile 
works, 528-581. 

Black, 581-533. 

Tiles, Mechanical causes of disaggregation 
of, 557. 
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Tiles, Encaustic, 611-618. 

— Encaustic dust, 679. 

— Inlaid, 679-682. 

— Paving, 583-587. 
ware, 

— Stove, in enamelled faience, 619-624. 

Tin, Oxide of, in glazes, 276; as a raw 
material of glazes, 285-286. 

Tin ash as a raw material of glazes, 286. 

Tincal as a raw material of glazes, 280. 

Ting, Improvements in Chinese pottery 
under the Dynasty of, 34. 

Titanic acid in a natural clay discovered 
by Forbes, 56. 

Titanium in natural clays, 56 ; as a colour- 
ing material for pottery, 418. 

Tobacco pipes, 550-552. 

Tralles, Bricks used in palace of Attalus 
at, 15. 

Transparent glazes, Definition of, 277. 

‘‘ Treatise on Ceramic Industries,” divi- 
sion of the work, 8-4. 

Trickling, Cause of, 316. 

Truhod, Examples of analyses of clays by, 
66 


See under Stone- 


Tunnel dryer, sllustrated, 268. 

Turgot, patron of Limoges hard porcelain 
works, 37. 

Turning, 193-194 ; lathe, illustrated, 194. 

Tuscany boracic acid as a raw material of 
glazes, 279-280. 


U. 


Under glaze colouring, 427-430. 

Undercutting, 238. 

Uranium as a colouring material for 
pottery, 412-418. 

Urbino, Majolica manufactures of, 28-24. 

Uteh, Pure allophane found in, 69. 


V. 


Vallecas, Magnesite found at, 69. 

Vallendar white clay, Peculiarity of, 55. 

Vanadium in natural clays, 56. 

Van Eenhoorn and Delft, 30. 

Varnished faiences. See under Faiences. 

— wares, French Board of Health method 
of testing harmlessness of, 604-605. 

Vasaro, Gironimo. See Pesaro. 

Vases, 545-547; varnished faience, 613- 
615; stoneware, 697-698. 

Vedas of India, Mention of pottery in the, 
15-16. 

Velten clay, Use and composition of, 620- 
621. 

Venice majolica, 24. 

Ventilating fan for drying, sllus., 257. 

Ventilation as a process of purifying raw 
materials, 147 ; drying by, 256-258. 

Ventilators, Mechanical, use of, for drying, 
257-258. 

Verblender, 496-497. 

Verona majolica, 24. 

Vertical mills for mechanical disaggrega- 
tion, 125-127 : advantages of, 125; descrip- 
tion of, 125 ; Jannot type, described and 


INDEX. 


sllustrated, 125-126; Jaeger type, de- 
scribed 126, tllustrated 127; particulars 
of different models, 126; mills with mov- 
able slab, 126-127 ; the Chambers mill, 
described and tllustrated, 126-127. 

Vienna, Establishment of porcelain works 
at, 36. 

Vilate, Lenzenite found at, 68. 

Violets, Preparation of, for pottery, 417 ; 
how obtained, 426. 

Vitreous porcelain, Soft, 781-732, 733-784. 

Vitrifiable clays, 62-63: alkaline, 63; 
ferruginous, 68; best known beds of, 
63 ; alkaline ferruginous, 66 ; examples 
of analyses of different, 66; use of, for 
paving tiles, 665. 

— crayons, Use of, for decorating pottery, 
441. 

Vitrification as an operation in the manu- 
facture of glazes, 289-292. 

Vitrified bricks. See under Bricks. 

— glazes for faiences, Analyses of, 623- 
624. 

Vogt and the true formula for pure clay, 
46 ; on the plasticity of clay, 47 ; method 
of proving presence of kaolinite in clay 
of, 58; on alkalies in natural clays, 
58; on composition of allophane, 69; 
and of maris, 79. 

Volatilisation, Application of glazes by, 

8 


Volume, Influence of firing on, of bodies, 
805-308; graphic representation of 
same, 307. 

Von Gohren, Examples of analyses of 
clays by, 65. 


W. 


Wan-Ti, Emperor, First mention of 
Chinese impermeable ware in the time 
of, 16. 

Ware, derivation of the word, 2n. See 
Ceramic ware, China ware, Green ware. 

— Lustre, 552-554. 

Warming of hard porcelain, 714-715. 

Washing, Use of, to ascertain constitution 
of clay, 87, 

Washing of clays, Object of, 188; use 
of, restricted by cost, 188; processes 
of, 188; blunging of clay, 188-148; 
by hand, 139; hydraulic, 189; me- 
chanical blungers, described and tl/us- 
trated, 189-143; method adopted in 
Schmelzer’s machine, 148; separation 
of grit and sand, 143-144; separators, 
described 144, and tllustrated 144, 145; 
placing of clay in decanting tanks 
144-147 ; use of settling tanks, explained 
144-146, illustrated 145; use of filter 
presses in connection with settling 
tanks, 146; levigation of sands, objects 
of, 146; methods of, 146-147. 

Water, Proportion of, in combination ina 
plastic body, 108; proportion of hygro- 
metric, ina plastic body, 104; of forma. 
tion in a plastic body, 104; quantities 
of, required to be added to 100 parts of 
dry materials differently proportioned 
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to obtain bodies of equal consistency, 
105-106; effect of, on the density of 
plastic bodies, 106-107 ; quantity of, re- 
quired to obtain different degrees of 
consistency in plastic bodies, 108; in- 
fluence of, in formation by hand, 108- 
109 ; and by means of machinery, 109- 
110; pottery for, 549-550. 

Water courses, Pipes for, 541. 

Water-lubricated die, described, 197-198 ; 
sllustrated, 197. 

Wedging, the operation explained, 181 ; 
machine described, 181. 

Wedgwood, Josiah, Influence of, on pro- 
gress of stoneware manufacture in 
England, 38-34; his pyrometer, 899. 

Weidknecht - Schoeller’s ‘ Loizeau ”’ 
grinder, 121-122; different patterns of, 
122 


Wei-Tsin, Style of Chinese porcelain of 
the time of the Dynasty of, 34. 

Whites, Preparation of, for pottery, 414; 
how obtained, 424. 

White bottle glass as a raw material of 
glazes, 279 ; limits of variation in com- 
position of, 279. ; 

— lead as a raw material of glazes, 284- 
285. 

Wiesnegg test kilns, described, 321-822; 
éllustrated, 320, 321. 

Wimmer, Examples of analyses of clays 
by, 67. 

Window glass as a raw material of glazes, 
279; limits of variation in composition 
of, 279. | 
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Wood as a fuel, 825-826 ; heating by, 380- 
832. 
Wooden moulds, described, 206-207 ; sllus- 
trated, 206. 
Works quoted— 
Appert and Henrivaux’ “Glass and 
Glassworks,”’ 272, 278. 
Brongniart’s ‘“‘ Treatise on the Ceramic 
Arts,” 7, 18. 
Bruno Kerl’s ‘‘ Ceramic Industries,” 11. 
Deck’s “‘ La France,” 626-627. 
‘© Seger’s Gesammelte Schriften,” 785. 
Working of kilns. See wnder Firing, 
Worm propeller. See Screw propellers. 


Y. 


Yellows, Preparation of, for pottery, 416; 
how obtained, 425. 

Yellow limonite in natural clays, 57. 

Yield, Thermic, of kilns, 402-408 ; causes 
of loss of heat, 404-406. 

Young-Thing, Characteristics of Chinese 
porcelain under, 34. 


Zinc, Oxide of, in glazes, 276; as a raw 
material of glazes, 287. 
Ziirich factories and their stoves, 31. 
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THE PRACTICAL COMPOUNDING OF OILS, TAL- 


LOW AND GREASE FOR LUBRICATION, ETC. 


By AN Expert OIL REFINER. 100 pp. 1898. Demy 8vo. Price 7s. 6d. ; 
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Contents. 

Chapters I., Introductory Remarks on the General Nomenclature of Oils, Tallow and 
Greases suitable for Lubrication.—II., Hyrocarbon Ojls.—III., Animal and Fish Oils.— 
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Press Opinions. 

“This work is written from the standpoint of the oil trade, but its perusal will be found very 
useful by users of machinery and all who have to do with lubricants in any way."—Colliery 
Uuuaidian. 

“The properties of the different grades of mineral oil and of the animal and vegetable non- 
drying oils are carefully described, and the author justly insists that the peculiarities of the 
machinery on which the lubricants are to be employed must be considered almost before every- 
thing else. . . . The chapters on grease and solidified oils, etc., are excellent."—The Jronmonger. 
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Contents. 

Chapters I., lntroductory.—II., Soap-maker's Alkalies.—111., Soap Fats and Oils.— 
IV. Perfumes.—V., Water as a Soap Material. —V]l., Soap Machinery.—VI!.. Tech- 
nology of Soap-making.—VIII., Glycerine in Soap Lyes.—IX., Laying out a Soap 
Factory.—X., Soap Analysis.— Appendices. 


Press Opinions. 

“We think it is the most practical book on these subjects that has come to us from England 
so far."~--l mertcan Soup Journal, a 

“Much useful information is conveyed in-a convenient and trustworthy manner which will 
appeal to practical soap-makers."—Cheutteal Trade Journal, 

“Works that deal with manufacturing processes, and applied chemistry in particular, are 
always welcome. Especially is this the case when the material presented is so up-to-date as 
we find it here.”"—Bradford Observer. 

“The best and mast reliable methods of analysis are fully discussed, and form a valuable 
source of reference to any works’ chemist... . Our verdict is a capitally produced book, and 
one that is badly needed."—Hirminchant Post. 


ANIMAL FATS AND OILS: Their Practical Production, 
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perties, Falsification and Examination, A Handbook for Manufacturers 
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Tanners, Margarine Manufacturers, etc.,etc. By Louis EDGAR ANDEs. 
Sixty-two Illustrations. 240 pp. 1898. Demy 8vo. Price 10s. 6d.; 
India and Colonies, 11s.; Other Countries, 12s.; strictly net. 


Contents. 

Introduction. Occurrence, Origin, Properties and Chemical Constitution of Animal Fats 
Preparation of Animal Fats and Oils. Machinery. Tallow-melting Plant. Extraction Plant. 
Presses. Filtering Apparatus. Butter: Raw Material and Preparation, Properties, Adul- 
terations, Beef Lard or Remelted Butter. Testing. Candle-fish Oil. Mutton-Tallow. Hare 
Fat. Goose Fat. Neatsfoot Oil. Bone Fat: Bone Boiling, Steaming Bones, Extraction, 
Refining. Bone Oil, Artificial Butter: Oleomargarine, Margarine Manufacture in France, 
Grasso's Process, “ Kaiser’s Butter,” Jahr & Muinzberg's Method, Filbert's Process, Winter's 
Method. Human Fat. Horse Fat. Beef Marrow. Turtle Oil. Hog’s Lard: Raw Material 
Preparation, Properties, Adulterations, Examination. Lard Oil. Fish Oils. Liver Oils. 
Artificial Train Oil. Wool Fat: Properties, Purified Wool Fat. Spermaceti: Examinatioa 
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Press Opinions. 

“The descriptions of technical processes are clear, and the book is well illustrated and 
should prove useful."—Manchester Guardian. 

“Itis a valuable work, not only for the student, but also for the practical manufacturer of 
oil and fat products.”"—/ournal of the American Chemical Society. 

“The work is very fully illustrated, and the style throughout is in strong contrast to that 
employed in many such treatises, being simple and clear."—Shoe and Leather Record. 

“ An important handbook for the ‘fat industry,’ now a large one. The explanation of the 
most scientific processes of production lose nothing of their clearness in the translation.”"— 
Newcastle Chronicle. 

“The latest and most improved forms of machinery are in all cases indicated, and the many 
advances which have been made during the past years in the methods of producing the more 
common animal fats—lard, tallow and butter—receive due attention."—Glasgow Herald. 


VEGETABLE FATS AND OILS: Their Practical Prepara- 


tion, Purification and Employment for Various Purposes, their Proper- 

ties, Adulteration and Examination. A Handbook for Oil Manufacturers 

and Refiners, Candle, Suap and Lubricating Oil Makers, and the Oil 

and Fat Industry in General. Translated from the German of Louis 

EDGAR ANDES. 94 Illustrations. 320 pp. 1897. Demy &vo. Price 

10s. 6d.; India and Colonies, 11s.; Other Countries, 12s.; strictly net. 
Contents. 

Statistical Data. General Properties of the Vegetable Fats and Oils. Estimation of the 
Amount of Oi! in Seeds. Table of Vegetable Fats and Oils, with French and German 
Nomenclature, Source and Origin and Percentage of Fat in the Plants from which they are 
Derived. The Preparation of Vegetable Fats and Oils: Storing Oil Seeds; Cleaning the Seed. 
Apparatus for Grinding Oil Seeds and Fruits. Installation of Où and Fat Works.  Ex- 
traction Method of Obtaining Oils and Fats. Oil Extraction Installations. Press Moulds. 
Non-drying Vegetable Oils. Vegetable drying Oils. Solid Vegetable Fats Fruits Yielding 
Oils and Fats. Wool-softening Oils. Soluble Oils. Treatment of the Oil after Leaving the 
Press Improved Methods of Refining with Sulphuric Acid and Zinc Oxide or Lead Oxide. 
Refining with Caustic Alkalies, Ammonia, Carbonates of the Alkalies, Lime. Bleaching Fats 
and Oils. Practical Experiments on the Treatment of Oils with regard to Rehning and 
Bleaching. Testing Oils and Fats. 

Press Opinions. 

“Concerning that and all else within the wide and comprehensive connection involved, 
this book must be invaluable to every one directly or indirectly interested in the matters it 
treats of."—Conmetrce. 

“The proprietors of the Oil and Colourman'’s Journal have not only placed à valuable and 
highly interesting book of reference in the hands of the fats and oils industry in general, but 
have rendered no slight service to experimental and manufacturing chemists."— Mansrracturns 
Chemist. 


IRON - CORROSION, ANTI. FOULING AND ANTI. 
CORROSIVE PAINTS. By Louis Encar AXDÉS. 62 Illus- 


trations. 275 pp. Translated from the German. Demy 8vo. 1900. Price 
10s. Gd.; India and Colonies, 11s.; Other Countries, 12s. ; strictly net. 


Contents. ! ° 
Ironrust and its Formation—Protection trom Rusting by Paint—Grounding the Iron with 
Linseed Oil, etc.—Testing Paints—Use of Tar for Painting on Iron—Antt-corrosive Paints— 
Linseed Varnish—Chinese Wood Oil—Lead Pigments—Iron Pigments—Artificial Iron Oxides 
—Carbon—Preparation of Anti-corrosive Paints— Results of Examination of Several] Anti- 
corrosive Paints—Puints for Ship's Bottoms—Anti-fouling Compositions—Various Anti-cor 
rosive and Ship’s Paints—Official Standard Specifications for Ironwork Paints— Index. 


Press Opinions. 

“This is a very valuable book, translated from the German, discussing in detail anti-fouling 
and anti-corrosive paints."—Aritish Mercury. 

“Will be of great service to paint manufacturers, engineering contractors, ironfounders, 
shipbuilders and others."—Envineer and Iron Trades Advertiser. 

“The book before us deals with the subject in a manner at once practical and scientific, and 
is well worthy of the attention of all builders, architects and engineers."—The Builder. 

“The book is very readable and full of valuable information, and bearing in mind the 
importance of the subject treated, it is one which engineers will be well advised to procure at 
an early date."— Railway Engineer. 

“The author goes fully into his subject, and the translator has been successful in repro- 
ducing in another language what he has to say. There are given in the text numerous 
illustrations of the rusting of iron, prepared in the course of a series of personal experiments 
on the formation of rust."—Journal of Gas Lighting. 

“This work is a very elaborate and useful record of the various phenomena in connection 
with the corrosion of iron and its protection against corrosion. . . . The book is an exceed 
ingly useful record of what has been done in connection with iron preservation, and will 
undoubtedly prove to be of much value to railway engineers, shipowners, etc."—Fairplay. 
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“ Herr Andes’ book, written purely from a scientific standpoint, will be particularly useful 
to iron manufacturers, shipbuilders and shipowners. . . . The book is beautifully printed on 
good paper, and its appearance does credit to the publishers; the work of translation has been 
remarkably well done, the language bearing none of those irritating traces of Teutonism which 
disfigure so many English versions of German technical works."— The Ironmonger. 

“This knowledge is conveyed with characteristic German thoroughness in this useful work 
of Herr Andés, which loses nothing of clearness in Mr. Salter's excellent translation. The 
causes of rust formation are examined, the proper methods of cleansing the ironwork detailed, 
and the constitution and application of suitable preventative coverings explained. . . . The 
book is a welcome contribution to technological literature, and will be found worthy of the 
careful study of all who are professionally engaged in the arrangement or superintendence of 
the class of work dealt with."—Western Daily Mercury. 

“The author explains the nature of rust and its formation, and the text is illustrated from 
about fifty photographs. An immense amount of carefully arranged information follows as to 
the best methods of applying anti-corrosive substances and the various pigments most effi- 
cacious for use under all circumstances. The author has evidently thoroughly investigated and 
mastered the subject of iron corrosion, its cause and its prevention; and we regard his book as 
of the greatest importance to bridge-builders and makers and users of structural iron and 
steel. The book is illustrated throughout and is admirably indexed and arranged."—Jron and 
Steel Trades Journal. 


THE MANUFACTURE OF ALUM AND THE SUL- 
‘PHATES AND OTHER SALTS OF ALUMINA AND 


IRON. Their Uses and Applications as Mordants in Dyeing 
and Calico Printing, and their other Applications in the Arts, Manufac- 

. tures, Sanitary Engineering, Agriculture and Horticulture. Translated 
from the French of LUCIEN GESCHWIND. 195 Illustrations. Nearly 
400 pp. Royal 8vo. 1901. Price 12s. 6d.; India and Colonies, 13s. 6d. ; 
Other Countries, 15s.; strictly net. 


Contents. 

Part I., Theoretical Study of Aluminium, Iron, and Compounds of-these Metals. 
—Chapters J., Aluminium and its Compounds. --II., Iron and Iron Compounds. 

Part 11., Manufacture of Aluminium Sulphates and Sulphates of Iron.—Chapters II]. 
Manufacture of Aluminium Sulphate and the Alums.—1V., Manufacture of Sulphates of Iron. 

Part 111, Uses of the Sulphates of Aluminium and Iron.—Chapters V., Uses of 
Aluminium Sulphate and Alums—Application to Wool and Silk— Preparing and using Aluminium 
Acetates —Employment of Aluminium Sulphate in Carbonising Wool—The Manufacture of 
Lake Pigments— Manufacture of Prussian Blue—Hide and Leather Industry— Paper Making— 
Hardening Plaster—Lime Washes—Preparation of Non-inflammable Wood, etc.—Purifica- 
tion of Waste Waters.—VI., Uses and Applications of Ferrous Sulphate and Ferric 
Sulphates. --Dyeing—Manufacture of Pigments—Writing Inks—Purification of Lighting Gas 
—Agriculture — Cotton Dyeing — Disinfectant Purifying Waste Liquors — Manufacture of 
Nordhausen Sulphuric Acid—Fertilising. 

Part 1V., Chemical Characteristics of Iron and Aluminium.—Analysis of Various 
Aluminous or Ferruginous Products. —Chapter VII. Aluminium.— Analysing Aluminium 
Products. —Alunite Alumina—Sodium Aluminate—Aluminium Sulphate. Chapter VIIL., Iron. 
—Analytical Characteristics of Iron Salts-- Analysis of Pyritic Lignite—Ferrous and Ferric 
Sulphates—Rouil Mordant—Index. 


MANUAL OF AGRICULTURAL CHEMISTRY. By 


HERBERT INGLE, F.J.C., Lecturer on Agricultural Chemistry, the 
Yorkshire College; Lecturer in the Victoria University. [In the press. 
. Contents. 
Chapters I., Introduction.—I{I., The Atmosphere.—111.. The Soil.—IV., The Reactions 
ccurring in Soils.—V.. The Analysis of Soils.—VI., Manures, Natural.—VII., Manures (con- 
tinued).—VIII., The Analysis of Manures.—IX., The Constituents of Plants.—X., The Plant.— 
XI., Crops.—XIl., The Animal. 


LUBRICATING OILS, FATS AND GREASES: Their 


Origin, Preparation, Properties. Uses and Analyses. A Handbook for 
Oil Manufacturers, Refiners and Merchants. and the Oil and Fat 
Industry in General. By GEORGE H. Hurst, F.C.S. Second Edition. 
Sixty-five Illustrations. 313 pp. Demy 8vo. 1901. Price 10s. 6d.; 
India and Colonies, 11s. ; Other Countries, 12s.; strictly net. 


Contents. 

Chapters I., Introductory. Oils and Fats, Fatty Oils and Fats, Hydrocarbon Oils, Uses 
of Oils.--I1., Hydrocarbon Oils. Distillation, Simple Distillation, Destructive Distillation, 
Products of Distillation, Hydrocarbons, Paraffins, Olefins, Napthenes.—III., Scotch Shale 
Oils. Scotch Shales, Distillation ef Scotch Oils, Shale Retorts, Products of Distilling Shales 
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Separating Products, Treating Crude Shale Oil, Refining Shale Oil, Shale Oil Stills, Shale 
Naphtha Burning Oils, Lubricating Oils, Wax.—1V., Petroleum. Occurrence, Geology, Origin, 
Composition, Extraction, Refining, Petroleum Stills, Petroleum Products, Cylinder Oils, 
Russian Petroleum, Deblooming Mineral Oils.—V., Vegetable and Animal Oils.  Intro- 
duction, Chemical Composition of Oils and Fats, Fatty Acids, Glycerine, Extraction of Animal 
and Vegetable Fats and Oils, Animal Oils, Vegetable Oils, Rendering, Pressing, Refining, 
Bleaching, Tallow, Tallow Oil, Lard Oil, Neatsfoot Oil, Palm Oil, Palm Nut Oùl, Cocoanut 
Oil, Castor Oil, Olive Oil, Rape and Colza Oils, Arachis Oil, Niger Seed Oil, Sperm Oils, 
Whale Oil, Seal Oil, Brown Oils, Lardine, Thickened Rape Oil.—VI., Testing and Adultera- 
tion of Oils. Specific Gravity, Alkali Tests, Sulphuric Acid Tests, Free Acids in Oils, Vis- 
cosity Tests, Flash and Fire Tests, Evaporation Tests, lodine and Bromide Tests, Elaidin 
Test, Melting. Point of Fat, Testing Machines.—VIl., Lubricating Greases. Rosin Oil, 
Anthracene Oil, Making Greases, Testing and Analysis of Greases.—VIII., Lubrication. 
Friction and Lubrication, Lubricant, Lubrication of Ordinary Machinery, Spontaneous Com- 
bustion of Oils, Stainless Oils, Lubrication of Engine Cylinders, Cylinder Oils.—Appendices. 
A. Table of Baume’s Hydrometer—B. Table of Thermometric Degrees—C. Table of Specific 
Gravities of Oils—Index. 
Press Opinions. 

“The book is well printed, and is a credit alike to author, printer and publisher.”—T7exttle 
Mercury. 

“ It will be a valuable addition to the technical library of every steam user's establishment.” 
—Machinery Market. 

“Mr. Hurst has in this work supplied a practical treatise which should prove of especial 
value to oil dealers, and also, though in a less degree. to oil users."—Textile Manufacturer. 

“This is a clear and concise treatment of the method of manufacturing and refining lubri- 
cating oils. . . . The book is one which is well worthy the attention of readers who are users 
of oil."—Textile Recorder. 

“We have no hesitation in saying that in our opinion this book ought to be very useful to 
all those who are interested in oils, whether as manufacturers or users of lubricants, or to 
those chemists or engineers whose duty it may be to report upon the suitability of the same 
for any particular class of work."—Enginecr. 

“The author is widely known and highly respected as an authority on the chemistry of oils 
and the technics of lubrication, and it is safe to say that no work of similar interest or equal 
value to the general oil-selling and consuming public has heretofore appeared in the English 
language."—Drugs, Oils and Patnts, U.S.A. 

“This valuable and useful work, which is both scientific and practical, has been written 
with a view of supplying those who deal in and use oils, etc., for the purpose of lubrication, 
with some information respecting the special properties of the various products which cause 
these various oils to be of value as lubricants."—IJndustries and Iron. 

‘ À mere glance at the table of contents is sufficient to show how various are the conditions 
to which these materials have to be applied, how much knowledge is required for the selection 
of the right kind for each particular purpose, and how by processes of mixture or manufacture 
the requisite qualities are obtained in each case."—Manchester Guardian. 


AMMONIA AND ITS COMPOUNDS: Their Manufacture 


and Uses. By CAMILLE VINCENT, Professor at the Central School of 
Arts and Manufactures, Paris. Translated from the French by M. J. 
SALTER. Royal 8vo. 113 pp. 1901. Thirty-two Illustrations. Price 
5s.; India and Colonies, 5s. 6d.; Other Countries, 6s.; strictly net. 


Contents. 


Chapters I.. General Considerations: Sections 1. Various Sources of Ammoniacal 
Products: 2. Human Urine as a Source of Ammonia. Il. Extraction of Ammoniacal 
Products from Sewage: Sections !. Preliminary Treatment of Excreta in the Sertling 
Tanks—The Lencauchez Process, The Bilange Process, The Kuentz Process; 2. Treatment o 
the Clarified Liquors for the Manufacture of AMmonium Sulphate—The Figuera Process and 
Apparatus, Apparatus of Margueritte and Sourdeval, The Lair Apparatus, Apparatus of Sintier 
and Muhé, Apparatus of Bilange, The Kuentz Process, Process and Apparatus of Hennebutte 
and De Vauréal: 3. Treatment of Entire Sewage—Chevalet's Apparatus, Paul Mallet's 
Apparatus, Lencauchez's Apparatus. 111. Extraction of Ammonia from Gas Liquor: 
Sections 1. Clarification of Gas Liquor; 2 Manufacture of Ammonium Sulphate—A. Mallet's 
Apparatus, A. Mallet's Modified Apparatus, Paul Mallet’s Apparatus, Chevalet's Apparatus, 
Grüneberg's Apparatus; 3. Concentration of Gas Liquor—Solvay’s Apparatus, Kuentz's 
Apparatus, Griinebery’s Apparatus. IV. Manufacture of Ammoniacal Compounds from 
Bones, Nitrogenous Waste, Beetroot Wash and Peat: Sections 1. Ammonia from Bones ; 
2. Ammonia from Nitrogenous Waste Materials: 3. Ammonia from Beetroot Wash (Vinasse); 
4. Ammonia from Peat—Treatment of the Ammomacal Liquors. V., Manufacture of 
Caustic Ammonia, and Ammonium Chloride, Phosphate and Carbonate: Sections 1. 
Manufacture of Caustic Ammonia: 2. Martufacture of Ammonium Chloride--From Fermented 
Urine, Process of the Lesage Company, Kuentz's Process : From Gas Liquor, English Process, 
.« Kuentz's Process; From the Dry Distillation of Animal Matter: From Ammonium Sulphate, 
Sublimiution: 3 Ammonium Phosphates; 4. Carbonates of Ammonium—Sesquicarbonate from 
Animal Matter, English Process, Uses. VI. Recovery of Ammonia from the Ammonia- 
Soda Mother Liquors: Sections 1. General Considerations; 2. Apparatus of Schlæsing and 
Rolland; 3. Apparatus of the Société Anonyme de l'Est.--Index. 
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THE MANUFACTURE OF VARNISHES, OIL RE. 
FINING AND BOILING, AND KINDRED INDUS. 
TRIES. Describing the Manufacture of Spirit Varnishes 


and Oil Varnishes; Raw Materials: Resins, Solvents and Colouring 
Principles; Drying Oils: their Properties, Applications and Prepara- 
tion by both Hot and Cold Processes; Manufacture, Employment and 
Testing of Different Varnishes. Translated from the French of ACH. 
LiVACHE, Ingénieur Civil des Mines. Greatly Extended and Adapted 
to English Practice, with numerous Original Recipes. By JOHN 
GEDDES McInrTosH, Lecturer on Oils, Colours and Varnishes, Regent 
Street Polytechnic. Twenty-seven Illustrations. 400 pp. Demy 8vo. 
1899. Price 12s. 6d.: India and Colonies, 13s. 6d.; Other Countries, 
15s.; strictly net. 


Contents. 


I. Resins: Gum Resins, Oleo Resins and Balsams, Commercial Varieties, Source, Collec- 
tion, Characteristics, Chemical Properties, Physical Properties, Hardness, Adulterations 
Appropriate Solvents, Special Treatment, Special Use.—II. Solvents: Natural, Artificial, 
Manufacture, Storage, Special Use.—III. Colouring: Principles, (1) Vegetable, (2) Coal Tar, 
(3) Coloured Resinates, (4) Coloured Oleates and Linoleates.—Gum unning : IFurnaces, 
Bridges, Flues, Chimney Shafts, Melting Pots, Condensers, Boiling or Mixing Pans, Copper 
Vessels, Iron Vessels (Cast), Iron Vessels (Wrought), Iron Vessels (Silvered), Iron Vessels 
Enamelled), Steam Superheated Plant, Hot-air Plant.—Spirit Varnish Manufacture: Cold 
Solution Plant, Mechanical Agitators, Hot Solution Plant, Jacketted Pans, Mechanical 
Agitators, Clarification and Filtration, Bleaching Plant, Storage Plant.—Manufacture, Char- 
acteristics and Uses of the Spirit Varnishes yielded by: Amber, Copal, Dammar, Shellac, 
Mastic, Sandarac, Rosin, Asphalt, India Rubber, Gutta Percha, Collodion, Celluloid, Resin- 
ates, Oleates. Manufacture of Varnish Stains.— Manufacture of Lacquers.— Manufacture of 
Spirit Enamels.—Analysis of Spirit Varnishes.—Physical and Chemical Constants of Resins. 
—Table of Solubility of Resins in different Menstrua.—Systematic qualitative Analysis of 
Resins, Hirschop's tables.—Drying Oils: Oil Crushing Plant, Oil Extraction Plant, Individual 
Oils, Special Treatment of Linseed Oil, Poppyseed Oil, Walnut Oil, Hempseed Oil, Llamantia 
Oil, Japanese Wood Oil, Gurjun Balsam, Climatic Influence on Seed and Oil.—Oil Refining : 
Processes, Thenard's, Liebig's, Filtration, Storage, Old Tanked Oil.—Oil Boilings: Fire Boil- 
ng Plant, Steam Boiling Plant, Hot-Air Plant, Air Pumps, Mechanical Agitators, Vincent's 
Process, Hadfield's Patent, Storer'x Patent, Walton's Processes, Continental Processes, Pale 
Boiled Oil, Double Boiled Oil, Hartley and Wlenkinsop’s Process.—Driers: Manufacture, 
Special Individual Use of (1) Litharge, (2) Sugar of Lead, (3) Red Lead, (4) Lead Borate, 
(5) Lead Linoleate, (6) Lead Resinate, (7) Black Oxide of Manyanese, (8) Manganese Acetate, 
(9) Manganese Borate, (10) Manganese Resinate, (11) Manganese Linoleatc, Mixed Resinates 
and Linoleates, Manyanese and Lead, Zinc Sulphate, Terebine, Liquid Driers.—Solidified 
Boiled Oi!.—Manufacture of Linoleum.—Manufacture of India Rubber Substitutes.— Printing 
Ink Manufacture — Lithographic Ink Manufacture.—Manufacture of Oil Varnishes.— Running 
and Special Treatment of Amber, Copal, Kauri, Manilla.—Addition of Oil to Resin.—Addition 
of Resin to Oil.—Mixed Processes.—Solution in Cold of previously Fused Resin. Dissolving 
Resins in Oil, etc., under pressure. —Filtration.—Clarification.—Storaype.—Ageing.—Coach- 
makers’ Varnishes and Japans.— Oak Varnishes.—Japanners' Stoving Varnishes.—Japanners' 
Gold Size.—Brunswick Black.—Various Oil Varnishes.—Oil-Varnish Stains.—Varnishes for 
“Enamels”. India Rubber Varnishes.—Varnishes Analysis: Processes, Matching.—Faults in 
Varnishes: Cause, Prevention.— Experiments and Exercises. 


Press Opinions. 


“ There is no question that this is a useful book."—Chemist and Druggist. 

“The different formulz which are quoted appear to be far more ‘ practical’ than such as 
are usually to be found in text-books; and assuming that the original was published two or 
three years ago, and was only slightly behindhand in its information, the present volume gives 
a fair insight into the position af the varnish industry.”— The Ironmonger. 


Letter from the Teacher of a Technical Class. 


“As a teacher I have often been consulted as to the best work on Varnish Manufacture 
and kindred industries, and have been at a loss in recommending a really practical one. It is 
therefore with pleasure that I can now testify as to the merits of the book on these subjects 
by A. Livache and J. G. McIntosh recently published by Messrs. Scott, Greenwood & Co. In 
my opinion no varnish maker ought to be without it; moreover, it is the best text-book that 
could be put into the hands of trade students or beginners. It has also the merits of being 
thoroughly up-to-date and of possessing a remarkably comprehensive index. I can conscien- 
tiously recommend. it to my students and trade friends."—CHARLES HARRISON, Lecturer on 
the x anufacture of Painters’ Oils, Colours and Varnishes, Borough Polytechnic, Borough 

oad, S.E. 
“27rd May, 1890 ” 
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THE MANUFACTURE OF LAKE PIGMENTS FROM 
ARTIFICIAL COLOURS. By Francis H. JENNison, 
F.1.C., F.C.S. Sixteen Coloured Plates, showing Speoimens of 
Eighty-nine Colours, specially prepared from the Recipes given 
in the Book. 136 pp. Demy 8vo. 1900. Price 7s. 6d.; India and 
Colonies, 8s.; Other Countrics, 8s. 6d.; strictly net. 


Contents. 


Chapters I., Introduction.—II., The Groups of the Artificial Colouring Matters.—III., The 
Nature and Manipulation of Artificial Colours.—IV., Lake-forming Bodies for Acid Colours.— 
V., Lake-forming Bodies’ Basic Colours.—VI., Lake Bases.—VII., The Principles of Lake 
Formation.—VIII., Red Lakes.—IX., Orange, Yellow, Green, Blue, Violet and Black Lakes.— 
X., The Production of Insoluble Azo Colours in the Form of Pigments.—XI., The General 
Properties of Lakes Produced from Artificial Colours.—XII., Washing, Filtering and Fin- 
ishing.—XI11., Matching and Testing Lake Pigments.—Index. 


Press Opinions. 


“It is evidently the result of prolonged research, and cannot but prove a valuable con- 
sulting work to those engaged in the industry."—Derby Mercury. 

“The practical portion of the volume is the one which will especially commend itself, as 
that is the part of the subject which most readers would buy the book for."—Chemist and 
Druggist. 

“This work just issued is a very valuable treatise on the manufacture of lake pigments of 
the coal-tar series principally. The plan adopted by the author in writing up the subject 
enables the manufacture to be very readily understood. . . . The general properties of lakes 
produced from artificial colours, washing, filtering and finishing, and matching and testing 
lake pigments are well and exhaustively described, so that no manufacturer or user of lake 
pigments can well afford to be without this work.”—Chemical Trade Journal. 

“This is undoubtedly a book which will occupy a very high place amongst technical works, 
and will prove of exceptional value to all whom it immediately concerns. We have no 
hesitation in reeommending it as one of the best works of its class we have ever read. Mr. 
Jennison has set about his task with a lucid style, and with a complete mastery of his subject. 

.. We do not think students of the technical side of the paint and colour industry can 
possibly spend 7s. 6d. in a more profitable way than by buying this publication."—Eustern 
Morning News. 





THE TESTING AND VALUATION OF RAW MATE. 
RIALS USED IN PAINT AND COLOUR MANU. 
FACTURE. By M. W. Joxss, F.C.S. A Book for the 


Lab oratories of Colour Works. 88 pp. Crown 8vo. 1900. Price 5s. ; 
India and Colonies, 5s. 6d.; Other Countries, 6s.; strictly net. 


Contents. 


Aluminium Compounds. China Clay. Iron Compounds. Potassium Compounds. Sodium 
Compounds. Ammonium Hydrate. Acids. Chromium Compounds. Tin Compounds. Cop- 
per Compounds. Lead Compounds. Zinc Compounds. Manganese Compounds. Arsenic 
Compounds. Antimony Compounds. Calcium Compounds. Barium Compounds. Cadmium 
Compounds. Mercury Compounds. Ultramarine. Cobalt and Carbon Compounds. Oils 
Index. 


Press Opinions. 


“Though this excellent little work can appeal only to a limited class, the chemists in colour 
works, yet it will appeal to them very strongly indged. for it will put them on the track of 
short, rapid. and yet approximately, accurate methods of testing the compurative value of 
competing samples of raw material used in paint and colour manufacture."—North British 
Daily Mail. 

“This little text-book is intended to supplement the larger and more comprehensive works 
on the subject, and it embodies the result of Mr. Jones’ experiments and experiences, extend- 
ng over a long period. It gives, under separate headings. the principal ingredients and im- 
purities found in the raw materials, and is a handy work of reference for ascertaining what is 
valuable or detrimental in the sample under examination.”—Blackburn Times. 

“There is no attempt at literary adornment nor straining after literary effect, but the 
lessons are imparted in simple and concise language. This 1s just what a text-book should 
be... . The treatise is certainly most useful, and bears internal evidence of being the results 
of actual work tn a busy manutactory and not of ephemeral cramming in a technical school. 
The chapter arrangement is good, the index satisfactory, and the book is altogether one which 
the practical chemist should keep as accessible to his crucibles and filter parer."—Manchestes 
Courier. 
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THE CHEMISTRY OF ESSENTIAL OILS AND ARTI- 


FICIAL PERFUMES. By Ernest J. Parry, B.Sc. 
(Lond.), F.I.C., F.C.S. Illustrated with Twenty Engravings. 400 pp. 
1899. Demy 8vo. Price 12s. 6d.; India and Colonies, 13s. 6d. ; Other 
Countries, 15s.; strictly net. 

Contents. 

Chapters I., The General Properties of Essential Oils.—11.. Compounds occurrin 
in Essential Olls.—111., The Preparation of Essential Oils.—IV.. The Analysis o 
Essential Oils.—V., Systematic Study of the Essential Oils.—V1., Terpeneless Oils.— 
VII. The Chemistry of Artificial Perftumes.— Appendix : Table of Constants. 

Press Opinions. 

“There can be no doubt that the publication will take a high place in the list of scientific 
text-books.""—London Argus 

“We can heartily recommend this volume to all interested in the subject of essential oils 
From the scientific or the commercial standpoint."—ÆHritish and Colonial Druggist. 

“Mr. Parry has done good service in carefully collecting and marshalling the results of the 
numerous researches published in various parts of the world.""—Pharmaceutical Journal. 

“ At various times monographs have been printed by individual workers, but it may safely 
be said that Mr. Parry is the first in these latter days to deal with the subject in an adequate 
manner. His book is well conceived and well written. . . . He is known to have sound practi- 
cal experience in analytical methods, and he has apparently taken pains to make himself as fait 
with the commercial aspects of the subject."—Chemist and Druggsst. 

“Mr. Parry's reputation as a scientist is fully established, and we can therefore accept any 
work emanating from his pen as being of the greatest practical value. We have perused the 
work before us with much care, and are convinced that the contents will be found most service- 
able and its publication most opportune. . . . He avoids unnecessary details, but includes 
everything that is essential to systematic treatment, while he attempts no more ‘than to give 
an outline of the principles involved”. . . . We congratulate Mr. Parry on the scientific value 
of his work, and hope that if the progress of the colonies in the manufacture of essential oils 
and perfumes equals what we are justified in expecting, it will become an Australian hand-book, 
everywhere appreciated."—7 he Australian Brewers’ Journal. 


DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. Axnés. A Practical Work 


for Manufacturers of Oils, Varnishes, Printing Inks, Oilcloth and Lino- 
leum, Oilcakes, Paints, etc. Expressly Written for this Series of Special 
Technical Books, and the Publishers hold the Copyright for English and 
Foreign Editions. Forty-two Illustrations. 360 pp. 1901. Demy 8vo. 
Price 12s. 6d.; India and Colonies, 13s. 6d.; Other Countries, 15s. ; 
strictly net. 

Contents. 

Chapters I., General Chemical and Physical Properties of the Drying Oils; Cause of the 
Drying Property; Absorption of Oxygen: Behaviour towards Metallic Oxides, etc.—I[1., The 
Properties of and Methods for obtaining the Drying Oils.—III., Production of the Drying Oils 
by Expression and Extraction: Refining and Bleaching; Oil Cakes and Meal: The Refinin 
and Bleaching of the Drying Oils; The Bleaching of Linseed Oil.—1V., The Manufacture o 
Boiled Oil: The Preparation of Drying Oils for Use in the Grinding of Paints and Artists’ 
Colours and in the Manufacture of Varnishes by Heating over a Fire or by Steam, by the Cold 
Process, by the Action of Air, and by Means of the Electric Current: The Driers used in 
Boiling Linseed Oil; The Manufacture of Boiled Oil and the Apparatus therefor; Livache's 
Process for Preparing a Good Drying Oil and its Practical Application.—V., The Preparation 
of Varnishes for Letterpress, Lithographic and Copperplate Printing, for Oilcloth and Water- 
proof Fabrics; The Manufacture of Thickened Linseed Oil, Burnt Oil, Stand Oil by Fire Heat, 
Superheated Steam, and by a Current of Air.—VI., Behaviour of the Drying Oils and Boiled 
Oils towards Atmospheric Influences, Water, Acids and Alkalies.—VI]., Boiled Oil Substitutes. 
—VIIT., The Manufacture of Solid and Liquid Driers from Linseed Oil and Rosin; Linolic 
Acid Compounds of the Driers.—IX., The Adulteration and Examination of the Drying Ouls 
and Boiled Oil. 


REISSUE OF CHEMICAL ESSAYS OF C. W. 


SCHEELE. First Published in English in 1786. Trans- 

lated from the Academy of Sciences at Stockholm, with Additions. 300 

pp. Demy 8vo. 1901. Price 5s.; India and Colonies, 5s. 6d.; Other 

Countries, 6s. ; strictly net. 

Contents. | 

Memoir: C. W. Scheele and his work (written for this edition).—Chapters J., On Fluor 
Mineral and its Acid.—II., On Fluor Mineral.—111., Chemical Investigation of Fluor Acid, 
with a View to the Earth which it Yields, by Mr. Wiegler.—IV., Additional Information 
Concerning Fluor Minerals.—V., On Manganese, Magnesium, or Magnesia Vitrariorum. 
—VI., On Arsenic and its Acid.—VII., Remarks upon Salts of Benzoin —VII1., On Silex, 
Clay and Alum.—IX., Analysis of the Calculus Vesical_—X.. Method of Preparing Mercurius 
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Dulcis Via Humida.—XI., Cheaper and more Convenient Method of Preparing Pulvis 
Algarothi.—XII., Experiments upon Molybdæna.—X111., Experiments on Plumbago.—XIV., 
Method of Preparing a New Green Colour.—XV., Of the Decomposition of Neutral Salts by 
Unslaked Lime and Iron.—XVI., On the Quantity of Pure Air which is Daily Present in our 
Atmosphere. XVII., On Milk and its Acid.—XVIII., On the Acid of Saccharum Lactis.— 
XIX., On the Constituent Parts of Lapis Ponderosus or Tungsten.—XX., Experiments and 
Observations on Ether. 


GLUE AND GLUE TESTING. By Samuet Ripeat, D.Sc. 


Lond., F.I.C. Fourteen Engravings. 144 pp. Demy 8vo. 1900. Price 
10s. 6d.; India and Colonies, 11s.; Other Countries, 12s.; strictly net. 


Contents. 

Chapters I., Constitution and Properties: Definitions and Sources, Gelatine, Chondrin 
and Allied Bodies, Physical and Chemical Properties, Classification, Grades and Commercial 
Varieties.—I11., Raw Materials and Manufacture: Glue Stock, Lining, Extraction, Washing 
and Clarifying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and o 
Antiseptics, Various Processes, Cleansing, Forming, Drying, Crushing, etc., Secondary Pro- 
ducts.—I11., Uses of Glue: Selection and Prepuration for Use, Carpentry, Veneering, 
Paper-Making, Bookbinding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper, 
etc., Substitutes for other Materials, Artificial Leather and Caoutchouc.—IV., Gelatine : 
General Characters, Liquid Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo- 
Gelatine, Artificial Silk, Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medi- 
cinal and other Uses, Bacteriology.—V., Glue Testing: Review of Processes, Chemical 
Examination, Adulteration, Physical Tests, Valuation oF Raw Materials.—VI., Commercia 
Aspects. 

Press Opinions. 

“This work is of the highest technical character, and gives not only a full and practica! ac- 
count of the raw materials and manufacture of glues, gelatines and similar substances, but 
gives many hints and information on the use of such substances in veneering, carpentry and 
many other purposes. Many tests ure given for glue in diffcrent stages of the progress of its 
manufacture, and the commercial value of a commodity so much in general use is exemplified 
by statistics and figures. It is certainly a valuable treatise upon an article for which very 
little literature in any form has previously been obtainable."—Carpenter and Builder. 

* Books on the art of glue making are more than usually scarce, and users of that article, 
as well as thuse who may be tempted to embark in the industry, should therefore welcome 
this boox by Dr. Samuel Rideal, a Fellow of the Institute of Chemistry, and a leading authority. 
In this book he has collected the more important facts connected with the manufacture of glue 
and allied products, and stated the experience he has gained in examining various commercial 
samples during the past ten years. . ... Dr. Rideal's book must be regarded as a valuable con- 
tribution to other technical fiterature, which manufacturers, merchants and users may study 
with profit.”—Hritish Trade Journal. 

“This volume is the latest addition to the excellent series of special technical works for 
manufacturers and professional and commercial men issued by the well-known publishers of 
The Oil and Colourman's Journal. The volume in every way fully maintains the high standard 
of excellence of the whole series, and deals with the subject of glue making and glue testing in 
a thoroughly exhaustive manner. Chapters are given on the constitution and properties, and 
raw material and manufacture, and of the uses of glue, and in this latter respect it will doubtless 
be information to many readers to learn to what extent glue enters into the manufacture of 
many commercial products not apparently associated with glue. Exhaustive chapters on the 
processes and methods of glue testing, and on its commercial aspects, complete this useful and 
most carefully prepared volume."—Carrisge Builders’ Journal. 


TECHNOLOGY OF PETROLEUM: Oil Fields. of the 


World—Their History, Geography and Gcology—Annual Production 
and Development—Oil-well Drilling—Transport. By HENRY NEv- 
BERGER and HENRY NOALHAT. Translated from the French by J. G. 
McINTOSH. 550 pp. 153 Illustrations. 26 Plates. Royal 8vo. 1901. Price 
21s.; India and Colonies, 22s.; Other Countries, 23s. 6d.; strictly net. 


Contents. 

Part !.. Study of ‘the Petroliferous Strata—Chapters I., Petroleum—Definition.—II., 
The Genesis or Origin of Petroleum.—III., The Oil Fields of Galicia, their History.—IV., 
Physical Geography and Geology of the Galician Oil Fields.—V., Practical Notes on Galician 
Land Law-——Economic Hints on Working, etc.—VI., Roumania--History, Geography, Geology. 
—VII. Petroleum in Russia—History.—VIII., Russian Petroleum (confinued)—Geography and 
Geology of the Caucasian Oil Fields.—IX., Russian Petroleum (continued).—X., The Secondary 
Oil Fields of Europe, Northern Germany, Alsace, Italy, etc. —XI., Petroleum in France.—XI1., 
Petroleum in Asia—Transcaspian and Turkestan Territory—Turkestan—Persia—British 
India and Burmah—British Burmah or Lower Burmah—-China—Chinese Thibet—Japan, 
Formosa and Saghalien.—XIII., Petroleum in Oceania—Sumatra, Java, Borneo—Isle of 
Timor—Philippine Isles—New Zealand.—XIV., The United States of America—History.— 
XV. Physical Geology and Geography of the United States Oil Fields.--XVI., Canadian and 
other North American Oil Fields.\—XVII.. Economic Data of Work in North America.— 
Xvi Petroleum in the West Indies and South America.—XIX., Petroleum in the French 
Colonies. 
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Part II., Excavations. —Chapter XX.. Hand Excavation or Hand Digging of Oil Wells. 

Part III, Methods of Boring.--Chapters XXI., Methods of Oil-weil Drilling or Boring. 
—XXII., Boring Oil Wells with the Rope.—XXIII., Drilling with Rigid Rods and a Free-fall— 
Fabian System.—XXIV., Free-fall Drilling by Steam Power.—XXV., Oil-well Dailling by the 
Canadian System.—XXVI., Drilling Oil Wells on the Combined System.—XXVII., Com- 

arison between the Combined Fauck System and the Canadian.—XXVIII., The American 
ystem of Drilling with the Rope.—XXIX., Hydraulic Boring with the Drill by Hand and 
Steam Power.—XXX., Rotary Drilling of Oil Wells, Bits, Steel-crowned Tools, Diamond 
Tools—Hand Power and Steam Power—Hydraulic Sand-pumping.—XXXI., Improvements 
in and different Systems of Drilling Oil Wells. 

Part IV., Accidents.—Chapters XXXII., Boring Accidents—Methods of preventing them 
—Methods of remedying them.—XXXIII., Explosives and the use of the “ Torpedo" Leviga- 
tion.—XXXIV., Storing and Transport of Petroleum.--XXXV., General Advice —Prospecting, 
Management and carrying on of Petroleum Boring Operations. 

Part V., General Data.—Customary Formule.—Memento. Practical Part. General 
Data bearing on Petroleum.—Glossary of Technical Terms used in the Petroleum Industry.— 
Copious Index. 


A DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 


PREPARATIONS. By GeorceE H. Herst, F.C.S. Demy 
Svo. 380 pp. 1901. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d.; strictly net. 


Contents. 

The names of the Chemicals and Raw Products are arranged in alphabetical order, and 
the description of each varies in length from half to eight pages. The following are some of 
the articles described and explained: Acetates— Acetic Acid—Acidimetry—Alcohol—-Alum— 
Ammonia—Amber—Animi--Arsenic Keeswax—Benzol—Bichromates of Potash and Soda— 
Bleaching Powder—Bone Black- Boric Acid—Brunswick Green--Cadmium Yellow - Car- 
bonates—Carmine—Carnauba Wax Caustic Potash and Soda—Chrome Colours—Clay—Coal 
Tar Colours—Copal—Dammar-- Drying Oils- Emerald Green—Gamboge— Glue—Glycerine— 
Gums—Gypsum—Indian Red—Japanese Lacquer—Lac—Lakes—Lamp Black—Lead Com- 
pounds—Linseed Oil—Magnesia -Manganese Compounds—Mica—Nitric Acid—Ochres— 
Orange Lead—Orr's White—Paraffin—Prussian Blue—Rosin Oil—Sepia—Sienna—Smalts— 
Sodium Carbonate—Sublimed White Lead—Sulphuric Acid—Terra Verte—Testing Pigments 
—Turpentine—UItramarine—Umbers—Vermilionettes—White Lead—Whiting—Zinc Com- 
pounds.—Appendix: Comparison of Baumé Hydrometer and Specific Gravity for Liquids 
Lighter than Water—Hydrometer Table for Liquids Heavier than Water—Comparison of 
Temperature Degrees Tables for Converting French Metric Weights and Measures into 
Englist, —Table of the Elements—etc., etc.— Copious Index. 

Press Opinions. 

‘This treatise will be welcomed by those interested in this industry who have not secured 
the full advantage of a course of scientific training.”"—Chemical Trade Journal. 

“In concise and lucid terms almost every ingredient used in paint and colour manufacture 
is described. together with the methods of testing their intrinsic and chemical value."— 
Pontefract Express. ° 

* Such a book of reference for paint, colour and varnish manufacturers has long been 
needed, and in Mr. Hurst the publishers have secured a compiler who is not only a well-known 
authority and expert, but who has the gift of communicating his knowledge in a concise and 
lucid form.""— Manchester Courier. 


PURE AIR, OZONE AND WATER. A Practical Treatise 


of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 

other Industries. By W. B. CowELL. Twelve Illustrations. 1900. 

Price 55. : India and Colonies, 5s. 6d. : Other Countries, 6s. ; strictly net. 
Contents. 

Chapters I., Atmospheric Air; Lifting of Liquids: Suction Process: Preparing Blown Oils; 
Preparing Siccative Drying Oils.—II., Compressed Air: Whitewash.~III., Liquid Air; Retro 
cession.—IV., Purification of Water: Water Hardness.—V., Fleshings and Bones.—VI., Ozon- 
ised Air in the Bleaching and Deodorising of Fats, Glues, etc.: Bleaching Textile Fibres.— 
Appendix: Air and Gases: Pressure of Air at Various Temperatures; Fuel; Table of Com- 
bustibles: Saving of Fuel by Heating Feed Water: Table of Solubilities of Scale Making 
Minerals; British Thermal Units Tables; Volume of the Flow of Steam into the Atmosphere; 
Temperature of Steam.—Index. 

Press Opinions. 

“This is a valuable work in little space. . . . In arrangement it is a commendable work, 
and its value is increased by the index which brings the little volume to a close."— Newcastle 
Daily Journal. 

“The book is written solely for manufacturers, who, without doubt, will And it exceedingly 
practical and useful. The volume contains an appendix wherein is given a great many tables, 
ete.” which*?manufacturers in the trades referred to will find of inestimable value."—Blackburn 

times. 
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THE MANUFACTURE OF MINERAL AND ‘LAKE 
PIGMENTS. Containing Directions for the Manufacture 


of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Joser BERSCH. Translated from the Second 
Revised Edition by ARTHUR C. WRIGHT, M.A. (Oxon.), B.Sc. (Lond.), 
formerly Assistant Lecturer and Demonstrator in Chemistry at the 
Yorkshire College, Leeds. Forty-three Illustrations. 476 pp., demy 
8vo. 1901. Price 12s. 6d.; India and Colonies, 13s. 6d.; Other 
Countries, 15s.; strictly net. 


Contents. 


Chapters I., Introduction.—11., Physico-chemical Behaviour of Pigments.—III., Raw 
Materials Employed in the Manufacture of Pigments.—-IV., Assistant Materials.—V., Metallic 
Compounds.—VI., The Manufacture ot Mineral Pigments.—VII., The Manufacture of White 
Lead.—VIII., Enamel White.—IX., Washing Apparatus.—X., Zinc White.—XI., Yellow 
Mineral Pigments.—XII., Chrome Yellow.—XIII., Lead Qxide Pigments.—XIV., Other 
Yellow Pigments.—XV., Mosai: Gold.—XVI. Red Mineral Pigments.—XVII., The Manu- 
facture of Vermilion.—XVIII., Antimony Vermilion.—XIX., Ferric Oxide Pigments.—XX., 
Other Red Mineral Pigments.—XXI, Purple of Cassius. -XXII.. Blue Mineral Pigments.— 
XXIII., Ultramarine.—XX1V., Manufacture of Ultramarine.—XXV., Blue Copper Pigments. 
—XXVI., Blue Cobalt Pigments.--XXVII., Smalts.—XXVIII., Green Mineral Pigments.— 
XXIX., Emerald Green.—XXX., Verdigris.—XXXI., Chromium Oxide.—XXXIL., Other 
Green Chromium Pigments.—XXXIIIL, Green Cobalt Pigments.-—-KXXIV., Green Man- 
ganese Pigments. -XXXV. Compounded Green Pigments.—XXXVI., Violet Mineral Pig- 
ments.—XXXVII., Brown Mineral Pigments.—XXXVIL., Brown Decomposition Products.— 
XXXIX., Black Pigments.—XL., Manufacture of Soot Pigments.—XLI., Manufacture of 
Lamp Black.—XLII., The Manufacture of Soot Black without Chambers. -XLIII. Indian 
Ink. — XLIV., Enamel Colours. — XLV., Metallic Pigments. — XLVI., Bronze Pigments — 
XLVII., Vegetable Bronze Pigments. 

PIGMENTS OF ORGANIC ORIGIN.—Chapters XLVIII., Lakes.—XLIX., Yellow Lakes.—L., 
Red Lakes.—LI., Manufacture of Carmine.—LII., The Colouring Matter of Lac.—LIII., Saf- 
flower or Carthamine Red.—LIV., Madder and its Colouring Matters.—LV., Madder Lakes.— 
LVI., Manjit (Indian Madder).—LVII., Lichen Colouring Matters.—LVIII., Red Wood Lakes. 
—LIX., The Colouring Matters of Sandal Wood and Other Dye Woods.—LX., Blue Lakes.— 
LXL., Indigo Carmine.—LXH., The Colouring Matter of Log Wood.—LXIII., Green Lakes.— 
LXIV., Brown Organic Pigments.—LXV., Sap Colours.—LXVI., Water Colours.—LXVIL., 
Crayons.—LXVIII., Confectionery Colours.—LXIX., The Preparation of Pigments for 
Painting.—LXX., The Examination of Pigments.—LXXI. Examination of Lakes.—LXXII., 
The Testing of Dye-Woods.—LXXIII., The Design of a Colour Works.—LXXIV.—Commercial 
Names of Pigments.—Appendix: Conversion of Metric to English Weights and Measures.— 
Centigrade and Fahrenheit Thermometer Scales.-—Index. 


BONE PRODUCTS AND MANURES: An Account of the 


most recent Improvements in the Manufacture of Fat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By THOMAS LAMBERT, Techni- 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 
Diagrams. 162 pp., demy 8vo. 1901. Price 7s. 6d.; India and 
Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 


Contents. 


Chapters I., Chemical Composition cf Bones—Arrangement of Factory—Crushing of Bones 
—Treatment with Benzene—Benzene in Crude Fat—Analyses of Clarified Fats—Mechanical 
Cleansing of Bones—Animal Charcoal—Tar and Ammoniacal Liquor, Char and Gases, from 
good quality Bones— Method of Retorting the Bones—Analyses of Chars—“ Spent" Chars— 
Cooling of Tar and Ammoniacal Vapours—Value of Nitrogen for Cyanide of Potash—Bone 
Oil— Marrow Bones—Composition of Marrow Fat—Premier Juice—Buttons.—II., Properties 
of Glue—Glutin and Chondrin—Skin Glue—Liming of Skins—Washing—Boiling of Skins— 
Clarification of Glue Liquors—Acid Steeping of Bones—Water System of Boiling Bones— 
Steam Method of Treating Bones—Nitrogen in the Treated Bones—Glue-Boiling and Clarify- 
ing- House—Plan showing Arrangement of Clarifying Vats—Plan showing Position of Evapora- 
tors— Description of Evaporators—Sulphurous Acid Generator—Clarification of Liquors— 
Section of Drying-House—Specification of a Glue—Size— Uses and Preparation and Composi- 
tion of Size—Concentrated Size.—IIl., Properties of Gelatine—Preparation of Skin Gelatine 
—Washing — Bleaching—Boiling—Clarification—Evaporation—Drying Bone Gelatine — Se- 
lecting Bones—Crushing—Dissol ving—Bleaching—Boiling—Properties of Glutin and Chondrin 
—Testing of Glues and Gelatines.—IV., The Uses of Glue, Gelatine and Size in Various 
Trades—Soluble and Liquid Glues—Steam and Waterproof Glues.—V., Manures—Importation 
of Food Stuffs—Soils—Germination—Plant Life.—VI., Natural Manures—Water and Nitrogen 
in Farmyard Manure—Full Analysis of Farmyard Manure—Action on Crops—Water-Closet 
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System—Sewage Manure—Green Manures.—Vil., Artificial Manures—Bones—Boiled and 
Steamed Bones—Mineral Phosphates—English Coprolites— French and Spanish Phosphorites 
—German and Belgian Phosphates— Basic Slag—Guanos Proper—Guano Phosphates.—Vill., 
Mineral Manures—Common Salt—Potash Salts—Calcareous Manures— Prepared Nitrogenous 
Manures—Ammoniacal Compounds—Sodium Nitrate—Potassium Nitrate—Organic Nitro- 
genous Matters —Shoddy—Hoofs and Horns—Leather Waste—Dried Meat—Dried Blood— 
Superphosphates—Composition—Manufactu e—Section of Manure-Shed—First and Ground 
Floor Plans of Manure-Shed— Quality of Acid Used—Mixings~ Special Manures—Potato 
Manure—Dissolved Bones—Dissolved Bone Compound—Enriched Peruvian Guano— Special 
Manure for Garden Stuffs, etc.—Special Manure for Grass Lands—Special Tobacco Manures 
—Sugar-Cane Manure—Compounding of Manures—Valuatton of Manures.—IX., Analyses of 
Raw and Finished Products—Common Raw Bones—Degreased Bones—Crude Fat—Refined 
Fat—Degelatinised Bones —Animal Charcoal— Bone Superphosphates—Guanos— Dried Animal 
Products —Potash Compounds --Sulphate of Ammonia—Extraction in Vacuo—Description of a 
Vacuum Pan—French and British Gelatines compared.—Index. 


Press Opinion.: 


“ We can with confidence recommend the perusal of the book to all persons interested in 
the manufacture of artificial manures, and also to the large number of farmers and others who 
are desirous of working their holdings on the most up-to-date methods, and obtaining the best 
possible results, which scientific research has placed within their reach."— Wigan Observer. 


ANALYSIS OF RESINS AND BALSAMS. Demy 8vo. 
340 pp. 1901. Price 7s. 6d.; India and Colonies, 8s. ; Other Countries, 


8s. 6d. ; strictly net. 
Contents. 


Part I., Definition of Resins in General—Definition of Balsams, and especially the Gum 
Resins—External and Superficial Characteristics of Resinous Bodies—Distinction between 
Resinous Bodies and Fats and Oils—Origin, Occurrence and Collection of Resinous Sub- 
stances—Classification—Chemical Constituents of Resinous Substances—Resinols—Resinot 
Annols—Behaviour of Resin Constituents towards the Cholesterine Reactions—Uses and 
Identification of Resins—Melting-point —Solvents—Acid Value—Saponification Value—Resin 
Value—Ester and Ether Values— Acetyl and Corbonyl Value—Methyl Value—Resin Acid— 
Systematic Résumé of the Performance of the Acid and Saponification Value Tests. 

Part II., Balsams—Introduction—Definitions—Canada Balsam—Copaiba Balsam—Angos- 
tura Copaiba Balsam—Balt ia Copatba Balsam — Carthagena Copaiba Balsam — Maracaibo 
Copaiba Balsam—Maturin Copaiba Balsam—Gurjum Copaiba Balsam—Para Copaiba Balsam 
—Surinam Copaiba Balsam—West African Copaiba Balsam—Mecca Balsam—Peruvian 
Balsam—Tolu Balsam—Acaroid Resin—Amine—Amber—African and West Indian Kino— 
Bengal Kino—Labdanum—Mastic—Pine Resin—Sandarach—Scammonium—Shellac—Storax 
—Adulteration of Styrax Liquidus Crudus—Purified Storax—Styrax Crudus Colatus—Taca- 
mahac—Thapsia Resin — Turpentine—Chios Turpentine — Strassburg Turpentine—Turpeth 
Turpentine. Gum Resins—Ammoniacum— Bdellium—Euphorbium — Galbanum—Gamboge 
—Lactucarium—M yrrh—Opopanax—Sagapenum—Olibanum or Incense—Acaroid Resin— 
Amber—Thapsia Resin.—Index. 


MANUFACTURE OF PAINT. A Practical Handbook for 


Paint Manufacturers, Merchants and Painters. By J. CRUICKSHANK 
SmitH, B.Sc. Demy 8vo. 1901. 200 pp. 60 Illustrations and 1 Large 
Diagram. Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 
8s. 6d.; strictly net. 


‘Contents, 


Part I., Chapters I., Preparation of Raw Material.—Il., Storing of Raw Material.—IIL., 
Testing and Valuation of Raw Material—Paint Plant and Machinery. 

Part II.. Chapters V.. The Grinding of White Lead.—VI., Grinding of White Zinc.—VII. 
Grinding of other White Pigments.—VIITI., Grinding of Oxide Paints. —IX.. Grinding of Stain- 
ing Colours. - X., Grinding of Black Paints.—XI., Grinding of Chemical Colours -Yellows.— 
XIL., Grinding of Chemical Colours--Blues.—XIII., Grinding Greens.—XIV., Grinding Reds. 
—XV., Grinding Lakes.—XVI., Grinding Colours in Water.—XVII. Grinding Colours in 
Turpentine. 

Part III., Chapters XVIII., The Uses of Paint.—XIX., Testing and Matching Paints.— 
XX., Economic Considerations.—Index. 


THE CHEMISTRY OF PIGMENTS. By Ernest J. Parry, 
B.Sc., F.I.C., F.C.S., and J. H. Coste, F.I.C., F.C.S. [u the press. 


Contents. | 


Chapters [., Introductory—Comnpasition 0° White Light—-Theory of Colour, etc.—IT., The 
Application of Pigments—Artistic, Decorative, Protective Methods of Applying Pigments.— 
H1.. White Pigments.—IV., Inorganic Coloured Pigments.—V., Organic Pigments. 
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NOTES ON LEAD ORES: Their Distribution and Properties. 
By Jas. FAIRIE, F.G.S. Crown 8vo. 1901. 64 pages. Price 2s. 6d.; 
Abroad, 3s. ; strictly net. 


Contents. 


Chapters I., Definitions—Properties—Occurrence.—II., Galena—Johnstonite—Cerussite— 
Céruse (White Lead)—Minium—Red Lead.—II1., Pyromorphite—Mimetene—Hediphane— 
Crocoise—W ulfenite.—Vanadinite—IV., Bleiglatte—Anglesite— Caledonite— Linarite—Lanark- 
ite—Leadhillite — Susannite— Clausthalite — Cotunnite.—V., Mendipite — Matlockite — Crom- 
fordite—Nagyagite—Altaite— Melanochroite — Vauguelinite — Scheeletine.—VI., Plattncrite— 
Tilkcrodite— Raphanosmite— Deckenite—Descloezite—Dufrenaysite — Bleinierite — Moffrasite 
—Geocronite — Kilbrechenite — Schulzite—Boulangcrite — Heteromorphite — Meneghinite— 
Jamesonite — Plagionite — Zinkenite.—VII., Kobellite — Bournonite— Selenkupferblei— Nus- 
sierite—Percylite—Wolchite— Polysphracrite— Miesite.—Index. 


THE RISKS AND DANGERS OF VARIOUS OCCUPA- 


TIONS AND THEIR PREVENTION. By Leonarp 
A. Parry, M.D., B.S. (Lond.). 196 pp., demy 8vo. 1900. Price 7s. 6d. ; 
India and Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 


Contents. 


Chapters I., Occupations which are Accompanied by the Generation and Scattering of 
Abnormal Quantities of Dust.—II., Trades in which there is Danger of Metallic Poisoning.— 
III., Certain Chemical Trades.—IV., Some Miscellaneous Occupations.—V., Trades in which 
Various Poisonous Vapours are Inhaled.—VI., General Hygienic Considerations.—Index. 

This book contains valuable information for the following trades—Aerated Water Manu- 
facture, Alkali Manufacture, Aniline Manufacture, Barometer Making, Brass Founders, Bromine 
Manufacture, Bronze Moulders, Brush Making, Builders, Cabinet Makers, Calico Printing, 
Chloride of Lime Manufacture, Coal Miners, Cocoa-nut Fibre Making, Colour Grinders 
Copper Miners, Cotton Goods Manufacture, Cotton Yarn Dyeing, Cutlery Trades, Dry Clean- 
ing, Electricity Generating, Electroplaters, Explosives Manufacture, File Making, Flint 
Milling, Floor Cloth Makers, Furriers, Fustian Clothing Making, Galvanised Iron Manufacture, 
Gassing Process, Gilders, Glass Making, Glass Paper Making, Glass Polishing and Cutting, 
Grinding Processes, Gunpowder Manufacturing, Gutta-percha Manufacture, Hat Makers, 
Hemp Manufacture, Horn Goods Making, Horse-hair Making, Hydrochloric Acid Manufacture, 
India-rubber Manufacture, Iodine Manufacture, Ivory Goods Making, Jewellers, Jute Manu- 
facture, Knife Grinders, Knife Handle Makers, Lace Makers, Lacquering Lead Melters, Lead 
Miners, Leather Making, Linen Manufacture Linoleum Making, Lithographic Printing and 
Bronzing, Lithographing, Masons, Match Manufacture, Melanite Making, Mirror Making, 
Needle Grinders, Needle Making, Nitro-benzole Making, Nitro-glycerine Making, Paint 
Makers, Paper Making, Philosophical Instrument Makers, Photographers, Picric Acid Making, 
Portland Cement Making, Pottery Manufacture, Printers, Quicksilver Mining, Rag Pickers, 
Razor Grinders, Red Lead Making, Rope Making, Sand Paper Making, Saw Grinders, Scissors. 
Grinders, Shoddy Manufacture, Shot Making, Silk Making, Silver Mining, Skinners, Slag, Wood 
Manufacture, Steel Makers, Steel Pen Making, Stereotypers, Stone Masons, Straw Hat Makers. 
Sulphuric Acid Manufacture, Sweeps, Table-knife Grinders, Tanners, Telegraphists, Textile 
Industries, Tin Miners, Turners, Type Founders, Umbrella Makers, Wall Paper Making, 
White Lead Making, Wood Working, Woollen Manufacture, Wool Sorters, Zinc Oxide 
Manufacture, Zinc Working, etc., etc. 


, Press Opinions. 


“The language used is quite simple, and can be understood by any intelligent person en- 
gaged in the trades dealt with."—The Clarion. - 

“This is an appalling book. It shows that there is scarcely a trade or occupation that has 
not a risk or a danger attached to it."—Local Government Journal. 

“Dr. Parry has not only pointed out the ‘risks and dangers of various occupations’: he has 
suRgested means for their prevention. The work is primarily a practical one."—Collicry 

anager, 

“This is a most useful book which should be in the hands of all employers of labour, 
foremen, and inte'ligent workmen, and is one of great utility to sanitary inspectors, and even 
on occasion to meuical men."—Heulth. 

“The writer has succeeded in collecting a large amount of information, and though one 
could wish he had presented it in a rather more attractive style, he has certainly condensed it 
into a very small space."—Physician and Surgeon. 

“The little book before us is one which will be found exceedingly useful to manufacturers 
and even factory inspectors. ... No attempt is made to show how diseases when originated 
are to be cured, but, acting on the sound principle that prevention is better than cure, means 
are stated how to avoid the harm."—Bristol Mercury. 

“The author has endeavoured to treat the question in simple rather than in technical lan- 
guage, and he has lucidly catalogued the most dangerous trades and their symptoms, and in 
each case specified the best methods of dealing with them. . . . To those for whom the volume 
is specially designed, Dr. Parry's treatise should be a useful handbook.""—Shefield Independent. 
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‘A very useful manual for employers of labour, foremen, intelligent workmen, and, in spite 
of the author's modesty, for medical men. We have the peculiar risks and dangers of all the 
dangerous trades carefully described; the mode of action of various chemicals, etc., used in 
different industries given, with full directions how to minimise unavoidable risks.”—ZL ceeds 
Mercury. 

‘*Most of the trades in the country are alluded to, and upon those that are dangerous the 
necessary attention is bestowed, and means are recommended whereby danger may te pre- 
vented or lessened. The author has evidently studied his subject with care, and has made full 
use of the experience of others who have had a larger insight into the industries of the country." 
—British Medical Journal. 

“The work is well written and printed, and its verbiage such as to be comprehensible to the 
workman no less tnan to the master. The careful and general perusal of a work of this nature 
cannot but be attended by benchcial results of a far-reaching nature, and we therefore heartily 
recommend the book to our readers. Medical Officers of Health and Sanitary Inspectors 
especially should find the work of great interest.”"—Santfary Record. 

“It is written in simple language, and its instructions can be easily followed. ... There 
are some employers, at any rate, who are more ignorant of, than indifferent to, the slow murder 
of their workpeople, and i the facts so succinctly set forth in this book were brought to their 
notice, and if the Trade Unions made it their business to insist on the observance of the better 
conditions Dr. Parry described, much might he done to lessen the workman's peril."—Weckly 
Times and Fiho. 


PRACTICAL X RAY WORK. By Fraxk T. Appyman, 
B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London; 
Radiographer to St. George's Hospital; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George’s Hospital 
Medical School. Demy 8vo. 12 Plates from Photographs of X Ray 
Work. 52 Illustrations. 200 pp. 1901. Price 10s. 6d.; India and 
Colonies, 11s.; Other Countries, 12s.; strictly net. 


Contents. 


Part 1., Historical—Chapters I[., Introduction. —II., Work leading up to the Discovery of 
the X Rays.—III., The Discovery. 

Part 11., Apparatus and its Management—Chapters I., Electrical Terms.—Il., Sources 
of Electricity.—III., Induction Coils.—IV., Electrostatic Machines.—V., Tubes.—Vi., Air 
Pumps.—VII., Tube Holders and Stereoscopic Apparatus.—-VIII., Fluorescent Screens. 

Part 111, Practical X Ray Work—Chapters I., Installations.—Il., Radioscopy.—I11. 
Radiography.—IV., X Rays in Dentistry.—V. X Rays in Chemistry.—VI., X Rays in War.— 
Index 


List of Plates. 


Frontispiece—Congenital Dislocation of Hip-Joint.—I., Needle in Finger.—II., Needle in 
Foot.—111., Revolver Bullet in Calf and Leg.—IV., A Method of Loculisation.—V., Stellate 
Fracture of Patella showing shadow of “ Strapping ".—VI., Sarcoma.—VII., Six-weeks’-old 
Injury to Elbow showing new Growth of Bone.—VIII., Old Fracture of Tibia and Fibula 
badly set.—IX., Heart Shadow.—X., Fractured Femur showing Grain of Splint.—XI., Bar- 
rell’s Method of Localisation. 


DRYING BY MEANS OF AIR AND STEAM. Explana- 


tions, Formulz, and Tables for Use in Practice. Translated from the 
German of E. HausBrRanpD. Two Diagrams and Thirteen Tables. Demy 
8vo. 1901. 72 pp. Price 5s.; India and Colonies, 5s. 6d.; Other 
Countries, 6s.; strictly net. 


Contents. 


éPreface.—British and Metric Systems Compared—Centigrade and Fahr. Thermometers.— 
Chapters 1., Introduction.—I]., Estimation of the Maximum Weight of Saturated Aqueous 
Vapour which can be contained in | kilo. of Air at Different Pressure and Tempera- 
tures.—III., Calculation of the Necessary Weight and Volume of Air, and of the Least 
Expenditure of Heat, per Drying Apparatus with Heated Air, at the Atmospheric Pressure: 
A, With the Assumption that the Air is Completely Saturated with Vapour both before Entry 
and after Exit from the Apparatus.—B, When the Atmospheric Air is Completely Saturated 
before entry, but at its cast is only 3, 4 or } Saturated.—C, When the Atmospheric Air is not 
Saturated with Moisture before Entering the Drying Apparatus.—lV., Drying Apparatus, in 
which, in the Drying Chamber, a Pressure is Artificially Created, Higher or Lower than that 
of the Atmosphere.—V., Drying by Means of Superheated Steam, without Air.—VI., Heating 
Surface, Velocity of the Air Current, Dimensions of the Drying Room, Surface of the Drying 
Material, Losses of Heat.—Index. 
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Leather Trades. 


THE LEATHER WORKER'S MANUAL. Being a Com- 


pendium of Practical Recipes and Working Formulz for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers, and all Persons engaged in the Manipulation 
of Leather. By H. C. STANDAGE. 165 pp. 1900. Price 7s. 6d.; 
India and Colonies, 8s. ; Other Countries, 8s. 6d.; strictly net. 


Contents. 

Chapters I., Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe 
Leather.—I]., Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-tup 
Powders and Liquids, etc., etc.—III., Leather Grinders’ Sundries.—IV., Currier’s Seasonings, 
Blacking Compounds, Dressings, Finishes, Glosses, etc.—V., Dyes and Stains tor Leather.— 
VI., Miscellaneous Information.—VITI., Chrome Tannage.—Index. 


Press Opinions. 

“The book being absolutely unique, is likely to be of exceptional value to all whom it con- 
cerns, as it meets a long-felt want."—Hirmins ham Gazette. 

“This is a valuable collection of practical receipts and working formulz for the use of those 
engaged in the manipulation of leather. We have no hesitation in recommending it as one of 
the best books of its kind, an opinion which will be endorsed by those to whom it appeals."— 
Liverpool Mercury. 

“We think we may venture to state, so far as the opinion of the leather trade under the 
Southern Cross is concerned, that it will be one of approval. As practical men, having a long 
and wide experience of the leather trade in Australia, we are certain that there are many 
tanners and curriers carrying on business in remote townships of the colonies to whom such a 
manual of practical recipes will be invaluable. . . . This manual is not a mere collection of re- 
cipes for the various purposes to which they may be applied, but it is also replete with instruc- 
tions concerning the nature of the materials recommended to be used in making up the recipes. 
... We think every intelligent leather man should avail himself of the manual. It is un- 
doubtedly a valuable contribution to the technology of the leather trade."—4 ustralian Leather 
Journal and Boot and Shoe Recorder. 


PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Virrox. A Translation of Villon’s 


‘Traité Pratique de la Fabrication des cuirs et du Travail des Peaux ”. 
By FRANK T. ADDYMAN, B.Sc. (Lond.), F.I.C., F.C.S.: and Corrected 
by an Eminent Member of the Trade. 500 pp., royal 8vo. 1901. 123 
Ilustrations. Price 3ls.; India and Colonies, 22s.; Other Countries, 
23s. 6d.; strictly net. 

Contents. 

Preface—Translator's Preface—List of Illustrations. 

Part I., Materials used in Tanning -- Chapter I. Skins: I., Skin and its Structure: II., 
Skins used in Tanning; ILI., Various Skins and their Uses—Chapter II., Tannin and Tanning 
Substances: I[., Tannin; 11, Barks (Oak): (IT, Barks other than Oak; IV., Tanning 
Woods; V., Tannin-bearing Leaves; VI., Excrescences; VII., Tan-bearing Fruits: VIIL., 
Tan-bearing Roots and Bulbs; IX., Tanning Juices; X., Tanning Substances used in Various 
Countries: XI., Tannin Extracts; XIJ., Estimation of Tannin and Tannin Principles. 

Part IL, Tanning—Chapter I., The Installation of a Tannary: 1., Tan Furnaces; Il. 
Chimneys, Boilers, etc.: 111, Steam Engines—Chapter IT, Grinding and Trituration of 
Tanning Substances: I., Cutting up Bark; I1., Grinding Bark; III, The Grinding of Tan 
Woods; IV. Powdering Fruit, Galls and Grains; V., Notes on the Grinding of Bark—Chap- 
ter III., Manufacture of Sole Leather: I[., Soaking; I]., Sweating and Unhairing; 111. 
Plumping and Colouring; IV., Handling; V., Tanning; VI, Tanning Elephants’ Hides; 
VIL, Drying; VIII, Striking or Pinning—Chapter IV., Manufacture of Dressing Leather: 
I., Soaking; 11., Depilation; I11., New Processes for the Depilation of Skins; IV., Tanning; 
V., Cow Hides; VI., Horse Hides; VII., Goat Skins; Manufacture of Split Hides—Chap 
ter V., On Various Methods of Tanning: I., Mechanical Methods; II., Physical Methods; 
III, Chemical Methods; IV. Tanning with Extracts—Chapter VI., Quantity and Quality: 
I., Quantity; II., Net Cost: III., Quality of Leather—Chapter VII., Various Manipulations 
of Tanned Leather: I., Second Tanning; II., Grease Stains; III., Bleaching Leather; IV. 
Waterproofing Leather; V., Weighting Tanned Leather; VI., Preservation of Leather— 
Chapter VIII., Tanning Various Skins. 

Part III, Currying—Chapter I., Waxed Calf: I., Preparation; II, Shaving; UL, 
Stretching or Slicking; [V., Oiling the Grain; V., Oiling the Flesh Side; VI., Whitening and 
Graining; VII, Waxing; VIII, Finishing; IX., Dry Finishing; X., Finishing in Colour; 
XI., Cost—Chapter II., White Calf: [., Finishing in White—Chapter III., Cow Hide for 
Upper Leathers: I., Black Cow Hide; II., White Cow Hide; III., Coloured Cow Hide.— 
Chapter IV., Smooth Cow Hide—Chapter V., Black Leather—Chapter VI., Miscellaneous 
Hides: I., Horse; ILE, Goat; III., Waxed Goat Skin; IV., Matt Goat Skin—Chapter VII. 
Russia Leather: I., Russia Leather; II.. Artificial Russia Leather. 
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Part IV., Enamelled, Hungary and Chamov Leather, Morocco, Parchment, Furs 
and Artificial Leather—Chapter 1. Enameiled Leather: I., Varnish Manufacture; II, 
Application of the Enamel; 111, Enamelling in Colour—Chapter H., Hungary Leather: L., 
Preliminary; 11, Wet Work or Preparation; 111, Aluming; IV., Dressing or Loft Work; 
V., Tallowing; VI, Hungary Leather from Various Hides—Chapter 111.,, Tawing: I., Pre- 
paratory Operations; 11., Dressing; III, Dyeing Tawed Skins; IV., Rugs—Chapter IV. 
Chamoy Leather—Chapter V. Morocco: I., Preliminary Operations, II., Morocco Tanning: 
IIL, Mordants used in Morocco Manufacture; IV., Natural Colours used in Morocco 
Dyeing; V., Artificial Colours; VI. Different Methods of Dyeing; VII., Dyeing with Natural 
Colours; VIII, Dyeing with Aniline Colours; IX. Dyeing with Metalhc Salts; X., Leather 
Printing; XI., Finishing Morocco; XII., Shagreen; XIUII., Bronzed Leather—Chapter VI. 
Gilding and Silvering: L., Gilding; If., Silvering; 111. Nickel and Cobalt—Chapter VIL., 
Parchment—Chapter VIII. Furs and Furriery: [., Preliminary |.emarks; 11., Indigenous 
Furs; 111., Foreign Furs from Hot Countries; IV. Foreign Furs from Cold Countries; V., 
Furs from Birds’ Skins; VI., Preparation of Furs; VII. Dressing; Vlil. Colouring; IX., 
Preparation of Birds’ Skins; X. Preservation of Furs—Chapter IX. Artificial Leather: 1. 
Leather made from Scraps; 11, Compressed Leather; 111, American Cloth; IV., Papier 
Mache; V., Linoleum; VI. Artificial Leather. 

Part V., Leather Testing and the Theory of Tanning—Chapter I., Testing and Analysis 
of Leather: I., Physical Testing of Tanned Leather; II., Chemical Analysis—Chapter 11. 
The Theory of Tanning and the other Operations of the Leather and Skin Industry: L, 
Theory of Soaking; Il, Theory of Unhairing; 111, Theory of Swelling; IV., Theory of 
Handling; V. Theory of Tanning; VI., Theory of the Action of Tannin on the Skin; VIL, 
Theory of Hungary Leather Making; VIII, Theory of Tawing; 1X., Theory of Chamoy 
Leather Making; X., Theory of Mineral Tanning. 

Part VL, Uses of Leather—Chapter I., Machine Belts: I., Manufacture of Belting; Il., 
Leather Chain Belts; III, Various Belts, [V., Use of Belts—Chapter II., Boot and Shoe- 
making: 1., Boots and Shoes; Il., Laces—Chapter 111, Saddlery: 1., Composition ot a 
Saddle; I1., Construction of a Saddle—Chapter IV., Harness: 1., The Pack Saddle; 11. 
Harness—Chapter V., Military Equipment—Chapter VI, Glove Making—Chapter Vil. 
Carriage Building—Chapter VIII., Mechanical Uses. 

Appendix, The World’s Commerce in Leather—!., Europe; II., America; III., Asia; 
IV., Africa; Australasia—Index. 


Press Opinions. 


“The book is well and lucidly written. The writer 1s evidently a practical man, who also 
has taken the trouble to make himself acquainted with the scientific and technical side of his 
trade. ... French methods differ largely from our own: sometimes we think our ways the 
best, but not always. The practical man may pick up many useful hints which may help him 
to improve his methods."—Shoe Manuracturers’ Monthiv Journal, 

“This book cannot tail to-be of great value to all engaged in the leather trades. . . . The 
British may believe that the French can teach them nothing in the work of Jeather tanning 
generally, but a comparison of the methods of the two countries will certainly yield a few 
wrinkles which may lead to advantageous results, Only a man understanding the science and 
technique of the trade could have written the book, and it is well done."—Midland Free Press. 

“Gives much useful and interesting information concerning the various processes by which 
the skins of animals are converted into leather. Written by a French Chemist after five 
years of constant study and application; it shows all that detail of analysis which we are 
accustomed to find in scientists, and which the practical tanner is too much in the habit of 
ignoring, sometimes to his own loss.”"—Zecds Mercury. 

“Nor can there be much doubt that this expectation will be fully justified by the result. 
Thanks to the conspicuous painstaking with which Mr. Addyman has discharged his duty, and 
the 123 illustrations by which the text is elucidated, the volume can hardly fail to prove a very 
valuable standard work of its class. It can thus be confidently recommended to all who are 
more or less practically interested in the technology of a very important subject."—Z eicester 
Post. 

‘This is, in every respect, an altogether admirable, practical, clear and lucid treatise on 
the various and numerous branches of the great leather industry, of which it deals in an ex- 
haustive, highly intelligent, workmanlike and scientific manner, . . . It is a handsome addition 
to every man's knowledge of his trade, whether he be a leading director of a large public com- 
pany, or an industrious employee in the works, wishing to improve his services by the addition 
of his brains to his work."—-Shoe and Leather Trader. 

“M1. Villon writes us one having a very full knowledge of all branches of the subject, and in 
days when foreign competition has enforced on English manufacturers the importance of no 
longer being content with rule-of-thumb methods which have come down to them from their 
forefathers it certainly should be worth the while of English tanners to see what lessons they 
can learn from French practice, and French practice, we should imagine, could hardly have a 
better exponent than the author of this large volume."— II estern Duily Press and Bristol Times. 

“At a time when all or nearly all our British industries ure to a greater or less extent 
hampered by the pressure of continental and American competition, any hints that can be 
obtained as to the methods pursued by competitors must necessarily be of value. . .. That it 
will be of interest and value, not merely to English tanners, but to those associated with many 
kindred industrial branches, goes without saying. . . . As a work of reference the volume will 
be extremely useful in the trade, and where leisure affords sufficient opportunity a careful 
perusal and study of it would afford ample reward."—Aiticring Guardian. 

“This is a very handsomely got up and elaborate work just issued by this well-known 
technical book-publishing firm. . .. When we say that the work consists of over 500 large 
pages with about 120 illustrations, and almost innumerable tables, it will be seen at once that 
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we cannot attempt anything like an exhaustive résumé of its contents, and even if we did the 
details would be of little interest to our general readers, while those who are engaged in the 
leather industry will probably obtain the book for themselves—at least they would do well to 
do so. . . . Altogether the ‘Treatise’ has evidently been very carefully prepared, and by a man 
who thoroughly knows the subject, and hence it will be a very valuable technical book for 
English firms and workers." — Walsall Observer. 


Books on Pottery, Bricks, 


Tiles, Glass, etc. 


THE MANUAL OF PRACTICAL POTTING. Revised 
and Enlarged. Third Edition. 200 pp. 1901. Price 17s. 6d.; India 
and Colonies, 18s. 6d.; Other Countries, 20s. ; strictly net. 


Contents. 

Introduction. The Rise and Progress of the Potter's Art.—Chapters I., Bodies. China 
,and Porcelain Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, 
Earthenwares Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, 
Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, 
Body Stains, Coloured Dips.—11., Glazes. China Glazes, Ironstone Glazes, Earthenware 
Glazes, Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours.—III.. 
Gold and Cold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloure/ 
Bases, Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Flow Powders, Oils and Varnishes.—IV., Means and Methods. Reclamation of Waste 
Gold, The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold.—V., Classification 
and Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets 
of the World, Time and Scale of iring, Weights of Potter's Material, Decorated Goods 
Count.—VI., Comparative Loss of Weight of Clays.—VII., Ground Felspar Calculations.— 
VIHI., The Conversion of Slop Body Recipes into Dry Weight.—IX., The Cost of Prepared 
Earthenware Clay.—X., Forms and Tables. Articles of Apprenticeship, Manufacturer's 
Guide to Stocktaking, Table of Relative Values of Potter's Materials, Hourly Wages Table, 
Workman's Settling Table, Comparative Guide for Earthenware and China Manufacturers in 
the use of Slop Flint and Slop Stone, Foreign Terms applied to Earthenware and China 
Goods, Table for the Conversion of Metrical Weights and Measures on the Continent of South 
America. Index, 


CERAMIC TECHNOLOGY: Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by CHARLES 
F. Binns. 100 pp. 1897. Price 12s. 6d.; India and Colonies, 13s. 6d. ; 
Other Countries, 15s. ; strictly net. 


Contents. 


Preface.—Introduction.—Chapters I., The Chemistry of Pottery.—II., Analysis and Se 
thesis.—III., Clays and their Components.—IV., The Biscuit Oven.—V., Pyrometry.—VI., 
Glazes and their Composition.—VI1., Colours and Colour-making.—Index. 


RECIPES FOR FLINT GLASS MAKING. By a British 


Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. British manufacturers have kept up the quality of 
this glass from the arrivals of the Venetians to Hungry Hill, Stour- 
bridge, up to the present time. The book also contains remarks as 
to the result of the metal as it left the pots by the respective metal 
mixers, taken from their own memoranda upon the originals. 1900. 
Price for United Kingdom, 10s. 6d.; Abroad. 15s.; United States, $4; 
strictly net. 
Contents. 


Ruby—Ruby from Copper—Flint tor using with the Ruby for Coating—A German Metal— 
Cornelian, or Alabaster—Sapphire Blue—Crysophie—Opal—Turquoise Blue—Gold Colour— 
Dark Green—Green (common)—Green for Malachite—Blue for Malachite—Black for Mela- 
chite—Black—Common Canary Batch—Canary—White Opaque Glass—Sealing-wax Red— 
Flint—Flint Glass (Crystal and Demi)—Achromatic Glass—Paste Glass—White EBnamel - 
Firestone— Dead White (far moons)—White Agate—Canary—Canary Enamel— Index. 
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COLOURING AND DECORATION OF CERAMIC 


WARE. By Avex. BRonGniart. With-Notes and Additions 


by ALPHONSE SALVETAT. Translated from the French. 200 pp. 1898. 
Price 7s. 6d.; India and Colonies, 8s.; Other ,Countries, &s. 6d.; 
strictly net. 
| | Contents. oo 
The Pastes, Bodies or Ceramic Articles Capable of being Decorated by Vitrifiable Colours 
—The Chemical Preparation of Vitrifiable Colours—Composition and Preparation of Vitrifiable 
Colours—The Oxides—Preparation of Oxides—Preparation of Chromates—Preparation of 
other Colours—Compasition and Preparation of Fluxes—Muffle Colours—Recipes for Colours 
—Use of Metals—Lustres—Preparation and Application of Colours—Composition of Coloured 
Pastes—Underglaze Colours—Colours in the Glaze—Overglaze Colours—Painting in Vitri- 
Aable Colours—Gilding—Burnishing—Printing—Enlarging and Reducing Gelatine Prints— 
Muffie Kilns for Vitrifiable Colours—Influence of the Material on the Colour—Changes Re- 
sulting from the Actions of the Fire—Alterations Resulting from the Colours—Alterations in 
Firing. 


HOW TO ANALYSE CLAY. Practical Methods for Prac- 


tical Men. By HoLDEn M. AsuBy, Professor of Organic Chemistry, 
Harvey Medical College, U.S.A. Twenty Illustrations. 1898. Price 
2s. 6d.; Abroad, 3s.; strictly net. 

Contents. 

List of Apparatus—List of Atomic Weights—Use of Balance, and Burette, Sand Bath, and 
Water Bath—Dessicator —Drying Oven—Filtering—Fusion— Determination of Water, Organic 
Matter, Iron, Calcium, Alkalies, Limestone, Silica, Alumina Magnesium, etc.—Mechanical 
Analysis—Rational Analysis—Standard Solutions—Volumetric Analysis—Standards for Clay 
Analysis—Sampling. 


ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 


melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By LEON LEFEVRE. 
With Five Plates. 950 Illustrations in the Text, and numerous estimates. 
500 pp.. royal 8vo. 1900. Translated from the French by K. H. Birp, 
M.A.. and W. Moore Binns. Price 15s.; India and Colonies. 16s. ; 
Other Countries, 17s. Gd.: strictly net. 

Contents. 

Part I. Plain Undecorated Pottery.—Chapter I., Clays: § 1, Classification, General Geo- 
logical Remarks.—Classification, Origin, Locality: § 2, General Properties and Composition: 
Physical Properties, Contraction, Analysis, Influence of Various Substances on the Properties 
of Clays: § 3, Working of Clay-Pits—I. Open Pits: Extraction, Transport, Cost—II. nder- 
ground Pits—Mining Laws. Chapter 11. Preparation of the Clay: Weathering, Mixing, 

leaning, Crushing and Pulverising—-Crushing Cylinders and Mills, Pounding Machines— 
Damping: Damping Machines—Soaking, Shortening, Pugging: Horse and Steam Pug-Mills, 
Rolling Cylinders—Particulars of the Above Machines. Chapter III., Bricks: § 1, Manufacture 
—(1) Hand and Machine Moulding.—I. Machines Working by Compression : on Soft Clay, on 
Semi-Firm Clay, on Firm Clay, on Dry Clay.—11. Expression Machines: with Cylindrical Pro- 
pellers, with Screw Propellers—I)ies—Cutting-tables—Particulars of the Above Machines— 
General Remarks on the Choice of Machines—Types of Installations—Estimates—Plenishing, 
Hand and Steam Presses, Particulars—(2) Drying, by Exposure to Air, Without Shelter, and 
Under Sheds—Drying-rooms in Tiers, Closed Drying-rooms, in Tunnels, in Galleries—De- 
tailed Estimates of the Various Drying-rooms, Comparison of Prices—Transport from 
the Machines to the Drying-rooms, Barrows, Trucks, Plain or with Shelves, Lifts—{3) Firing 
—I. In Clamps—II. In Intermittent Kilns. 4, Open: a, using Wood; 6 Coal; b’, in Clamps ; 
6’’, Flame—/s, Closed: cv, Direct Flame: cr’, Rectangular: ¢’’, Round; d, Reverberatory—III. 
Continuous Kilns: (:, with Solid Fuel: Round Kiln, Rectangular Kiln, Chimneys (Plans and 
Estimates)}—1), With Gas Fuel, Fillard Kiln (Plans and Estimates), Schneider Kiln (Plans and 
Estimates), Water-gas Kiln—Heat Production of the Kilns; § 2, Dimensions, Shapes, Colours, 
Decoration, and Quality of Bricks—Hollow Bricks, Dimensions and Prices of Bricks, Various 
Shapes, Qualities—Various Hollow Bricks, Dimensions, Resistance, Qualities; $ 3, Applications 
—History—Asia, Africa, America, Europe: Greek, Roman, Byzantine, Turkish, Romanesque, 
Gothic, Renaissance, Architecture—Architecture of the Nineteenth Century: in Germany, 
England, Belgium, Spain, Holland, France, America—Use of Bricks—Walls, Arches, Pavements, 
Flues, Cornices—Facing with Coloured Bricks—Balustrades. Chapter IV., Tiles: § 1, His- 
tory; § 2, Manufacture—{1) Moulding, by Hand, by Machinery: Preparation of the Clay, Soft 
Paste, Firm Paste, Hard Paste—Preparation of the Slabs, Transformation into Flat Tiles, into 
Jointed Tiles—Screw, Cam and Revolver Presses—Particulars of Tile-presses—(2) Drying— 
Planchettes, Shelves, Drying-barrows and Trucks—(3) Firing—Divided Kilns—Installation of 
Mechanical Tileworks—Estimates : § 3, Shapes, Dimensions and Uses of the Principal Types 
of Tile—Ancient Tiles: Flat, Round, Roman, Flemish—Modern Tiles—With Vertical Inter- 
rupted Join: Gilardoni's, Martin's: Hooked, Boulet's Villa; with Vertical Continuous Join: 
Muller's, Alsace, Pantile—Foreign Tiles—Special Tiles—Ridge Tiles, Coping Tiles, Border 
Tiles, Frontons, Gutters, Antefixes, Membron, Angular—Roofing Accessories: Chimney-pots, 
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Mitrons, Lanterns, Chimneys—Qualities of Tiles—Black Tiles—Stoneware Tiles—Particulars 
of Tiles. Chapter V., Pipes: I. Conduit Pipes— Manufacture — Moulding : Horizontal 
Machines, Vertical Machines, Worked by Hand and Steam—Particulars of these Machines 
—Drying—Firing—II. Chimney Flues—Ventiducts and “ Boisseaux," “ Waggons "—Particulars 
of these Products. Chapter VI., Quarries: 1, Plain Quarries of Ordinary Clay; 2, of Cleaned 
Clay—Machines, Cutting, Mixing, Polishing—Drying and Firing—Applications—Particulars of 
uarries. Chapter VII. Terra-cotta: History—Manufacture—Application : Balustrades, 
Columns, Pilasters, Capitals, Friezes, Frontons, Medallions, Panels, Rose-windows, Ceilings 
—Appendix: Official Methods of Testing Terra-cottas. 
art Il. Made-up or Decorated Pottery.—Chapter I|., General Remarks on the Deco- 
ration of Pottery: Dips—Glazes: Composition, Colouring, Preparation, Harmony with 
Pastes—Special Processes of Decsration—Enamels, Opaque, Transparent, Colours, Under- 
laze, Over-ylaze—Other Processes : Crackling, Mottled, Flashing, Metallic Iridescence, 
ustres. Chapter II., Glazed and Enamelled Bricks—History: Glazing—Enamelling—Appli- 
cations: Ordinary Enamelled Bricks, Glazed Stoneware, Enamelled Stoneware—Enamelled 
Tiles. Chapter 111. Decorated Quarries: I. Paving Quarries—1, Decorated with Dips—2, 
Stoneware: .1, Fired to Stoneware; a, of Slag Base—Applications: b, of Melting Clay— 
Apphcations—, Plain or Incrusted Stoneware: a, of Special Clay (Stoke-on-Trent)—Manu- 
facture—Application—d, of Felspar Base—Colouring, Manufacture, Moulding, Drying, Firing 
—Applications.—If. Facing Quarries—1, in Falence—.1, of Limestone Paste—/}, of Silicious 
Paste—C, of Felspar Paste—Manufacture, Firing—2, of Glazed Stoneware—3, of Porcelain— 
Applications of Facing Quarries.—111. Stove Quarries—Preparation of the Pastes, Moulding, 
Firing, Enamelling, Decoration—Applications—Faiences for Fireplaces. Chapter [V., Archi- 
tectural Decorated Pottery: $ 1, Faiences: § 2, Stoneware; § 3, Porcelain. Chapter V., 
Sanitary Pottery: Stoneware Pipes: Manufacture, Riring—Applications—Sinks—Applications 
—Urinals, Seats and Pans—Applications—Drinking-fountains, Washstands. Index. 


A TREATISE ON THE CERAMIC INDUSTRIES. A 
Complete Manual for Pottery, Tile and Brick Works. By EMILE 
Bourry, Ingénieur des Arts et Manufactures. Translated from the 
French by WILTON P. Rix, Examiner in Pottery and Porcelain to the 
City and Guilds of London Technical Institute, Pottery Instructor to 
the Hanley School Board. Royal 8vo. 1901. Over 700 pp. Price 
21s.; India and Colonies, 22s.; Other Countries, 23s. 6d. : strictly net. 

Contents. 

Part 1., General Pottery Methods. Chapters I., Definition and History. Definitions 
and Classification of Ceramic Products --Historic Summary of the Ceramic aArt.—Il., Raw 
Materials of Bodies, Clays: Pure Clay and Natural Clays—Various Raw Materials: Analogous 
to Clay—Agglomerative and Agglutinative-—-Opening—Fusible—Refractory—Trials of Raw 
Materials.—III., Plastic Bodies. Properties and Composition—Preparation of Raw Materials: 
Disaggregation—Purification-—Preparation of Bodies: By Plastic Method—By Dry Method— 
By Liquid Method.—IV., Formation. Processes of Formation: Throwing—Expression— 
Moulding by Hand, on the Jolley, by Compression, by Slip Casting—Slapping— Slipping.—V., 
Drying. Drying of Bodies—Processes of Drying: By Evaporation—By Aeration -By 
Heating—By Ventilation—By Absorption.—VI., Glazes. Composition and Properties—Raw 
Materials— Manufacture and Application.—VII., Firing. Properties of the Bodies and Glazes 
during Firing—Description of the Kilns —Working of the Kilns.—VIII., Decoration. Colouring 
Materials— Processes of Decoration. 

Part 11. Special Pottery Methods. Chapters IX. Terra Cottas. Classification: 
Plain Ordinary, Hollow, Ornamental, Vitrified, and Light Bricks—Ordinary and Black Tiles— 
Paving Tiles—Pipes—Architectural Terra Cottas—Vases, Statues and Decorative Objects— 
Common Pottery—Pottery for Water and Filters—Tobacco Pipes—Lustre Ware—Properties 
and Tests for Terra Cottas.—X., Fireclay Goods. Classification: Argillaceous, Aluminous, 
Carboniferous, Silicious and Basic Fireclay Goods—Fireclay Mortar (Pug}—Tests for Fireclay 
Goods.—XI., Faiences. Varnished Faiences— Enamelled Faiences—Silicious Faiences—Pipe- 
clay Faiences—Pebble Work—Feldspathic Faiences—Composition, Processes of Manufacture 
and General Arrangements of Faience Potteries.—XII., Stoneware. Stoneware Properly So- 
called: Paving Tiles—Pipes—Sanitary Ware—Stoneware for Food Purposes and Chemical 
Productions—Architectural Stoneware—Vases, Statues and other Decorative Objects—Fine 
Stoneware.—XIII.. Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, 
for Electrical Conduits, for Mechanical Purposes: Architectural Porcelain, and Dull or Biscuit 
Porcelain—Soft Phosphated or English Porcelain—Soft Vitreous Porcelain, French and New 
Sévres—Argillaceous Soft or Seger’s Porcelain—Dul!l Soft or Parian Porcelain—Dull Felds- 
pathic Soft Porcelain.—Index. 


THE ART OF RIVETING GLASS, CHINA AND 


EARTHENWARE. By J. HowarTH. Second Edition. 


1900. Price Is. net; by post, home or abroad, Is. id. 
Contents. | ; 
Tools and Materials Required—Wire Used for Rivets—Soldering Solution—Preparation 
for Drilling—Commencement of Drilling—Cementing—Preliminaries to Riveting—Rivets to 
Make—To Fix the Rivets—Through-and-through Rivets—Soldering—Tinning a Soldering-Iron 
—Perforated Plates, Handles, etc.—Handies of Ewers, etc.—Vases and Comports—Marble 
and Alabaster Ware—Decorating—How to Loosen Fast Decanter Stoppers—China Cements. 
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NOTES OF POTTERY CLAYS. Their Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 1901. 132 pp. Crown 8vo. Price 
3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; strictly net. 


Contents. 

Definitions—Occurrence— Brick Clays—Fire Clays— Analyses of Fire Clays.—Ball Claye— 
Properties—Analyses—Occurrence—Pipe Clay—Black Clay—Brown Clay—Blue Clay—Dor- 
setshire and Devonshire Clays.—China Clay or Kaolin—Occurrence—Chinese Kaolin—Cornish 
Clays—Hensbarrow Granite—Properties, Analyses and Composition of China Clays— 
Method of Obtaining China Clay—Experiments with Chinese Kaolin—Analyses of Chinese 
and Japanese Clays and Bodies—Irish Clays.—Chinese Stone—Composition—Occurrence— 
Analyses.—Index. 


PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 


Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. On the Basis of Personal Practical Experience 
of the Condition of the Art upto Date. By FELIX HERMANN, Technical 
Chemist. With Eighteen Illustrations. 300 pp. Translated from the 
German second and enlarged Edition. 1897. Price 10s. 6d.; India 
and Colonies, 11s.; Other Countries, 12s.; strictly net. 


| Contents. 
History of Glass Pamting—Chapters I., The Articles to be Painted: Glass, Porcelain, 
Enamel, Stoneware, Faience.—II., Pigments: 1, Metallic Pigments: Antimony Oxide, Naples 
Yellow, Barium Chromate, Lead Chromate, Silver Chloride, Chromic Oxide.—IIL., Fluxes: 
Fluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid, 
Potassium and Sodium Carbonates, Rocaille Flux.—IV., Preparation of the Colours for Glass 
Painting.—V., The Colour Pastes.—VI., The Coloured Glasses.—VII., Composition of the 
Porcelain Colours.—VIII., The Enamel! Colours: Enamels for Artistic Work.—IX., Metallic 
Ornamentation : Porcelain Gilding, Glass Gilding.—X., Firing the Colours: 1, Remarks on 
Firing : Firing Colours on Glass, Firing Colours on Porcelain: 2, The Muffle.—XI., Accidents 
occasionally Supervening during | the Process of Firing.—XII., Remarks on the Different 


Methods of Painting on Glass, Porcelain, etc.—Appendix: Cleaning Old Glass Paintings. 


; Press Opinions. 

“Mr. Hermann, by a careful division of his subject, avoida much repetition, yet makes 
sufficiently clear what is necessary to be known in each art. He gives very many formulz: 
and his hints on the various applications of metals and metallic lustres to glass and porcelains 
will be found of much interest to the amateur.""—A rt Amateur, New York. 

* For the unskilled and amateurs the name of the publishers will be sufficient guarantee tor 
the utility and excellence of Mr. Hermann's work, even if they are already unacquainted with 
the author. . . . The whole cannot fail to be both of service and interest to glass workers and 
to potters generally, especially those employed upon high-class work."_-Stafordshire Sentinel. 

“In Painting on Glass and Porcelain the author has dealt very exhaustively with the 
technical as distinguished from the artistic side of his subject, the work being entirely devoted 
to the preparation of the colours, their application and firing. For manufacturers and students 
it will be a valuable work, and the recipes which appear on almost every page form a very 
valuable feature. The author has gained much of his experience in the celebrated Sevres 
manufactory, a fact which adds a good deal of authority to the work.“—Builders Journal. 

“The compiler displays that painstaking research characteristic of his nation, and goes at 
length into the question of the chemical constitution of the pigments and fluxes to be used in 
glass-painting, proceeding afterwards to a description of the methods of producing coloured 
glass of all tints and shades. ... Very careful instructions are given for the chemical and 
mechanical preparation of the colours used in glass-staining and porcelain-painting ; indeed, 
to the china painter such a book as this should be of permanent value, as the author claims to 
have tested and verified every recipe he includes, and the volume also comprises a section de- 
voted to enamels both opaque and translucent, and another treating of the firing of porcelain, 
and the accidents that occasionally supervene in the furnace."—Datly Chronicle. 


A Reissue of 

THE HISTORY OF THE STAFFORDSHIRE POTTER- 
IES; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 


With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By SIMEON SHAW. (Originally Published in 1829.) 265 pp. 
1900. Demy 8vo. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d.; strictly net. 
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Contents. 

Introductory Chapter showing the position of the Pottery Trade at the present time 
1899).—Chapters I|., Prelimina Remarks.—II., The Potteries, comprising Tunstall, 
Brownhills, Greenfield and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Long- 

rt and Dale Hall, Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, 
Fenton, Lane Delph, Foley, Lane End.—III., On the Origin of the Art, and its Practice 
among the early Nations.—1V., Manufacture of Pottery, prior to 1700.—V., The Introduc- 
tion of Red Porcelain by Messrs. Elers, of Bradwell, 1690.—V1., Progress of the Manu- 
acture from 1700 to Mr. Wedgwood's commencement in 1760.—VII. Introduction of Fluid 
Glaze. —Extension of the Manufacture of Cream Colour.—Mr. Wedgwood's Queen's Ware.— 

-Jasper, and Appointment of Potter to Her Majesty.—Black Printing.—VI111., Introduction 
of Porcelain. Mr. W. Littler's Porcelain.—Mr. Cookworthy’s Discovery of Kaolin and 
Petuntse, and Patent.—Sold to Mr. Champion—resold to the New Hall Com.—Extension of 
Term.—IX., Blue Printed Pottery. Mr. Turner, Mr. Spode (1), Mr. Baddeley, Mr. Spode 
(2), Messes. Turner, Mr. Wood, Mr. Wilson, Mr. Minton.—Great Change in Patterns of Blue 
Printed.—X., Introduction of Lustre Pottery. Improvements in Pottery and Porcelain 
subsequent to 1800. | 

Press Opinions. 


“ There is much curious and useful information in the work, and the publishers have rendered 
the public a service in reissaing it."—Btrton Mail, 

“Copies of the original work are now of considerable value, and the facsimile reprint now 
issued cannot but prove of considerable interest to all interested tn the great industry."—De?by 
Mercury. 

* The book will be especially welcomed at a time when interest in the art of pottery manu- 
facture commands x more widespread and general interest than at any previous time."— 
Wolverhampton Chronicle. 

“This work is all the more valuable because it gives one an idea of the condition of affairs 
existing in the north of Stuffordshire before the great increase in work and population due to 
modern developments." —IWestern Vorning News. 

. . The History gives a graphic picture of North Staffordshire at the end of the last and 
the beginning of the present century, and states that in 1829 there was ‘a busy and enterprising 
community ‘in the Potteries of fifty thousand persons. ... We commend it to our readers as 
a most entertaining and instructive publication."—Stafiurdshire Sentinel, 


A Reissue of 


THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 


CELAIN, GLASS AND POTTERY. By Simeon SHaw. 
(Originally published in 1837.) 750 pp. 1900. Royal 8vo. Price 145. ; 
India and Colonies, 15s. ; Other Countries, 16s. 6d.; strictly net. 


Contents. 


PART I., ANALYSIS AND MATERIALS.—Chapters I., Introduction: Laboratory and 
Apparatus; Elements: Combinative Potencies, Manipulative Processes for Analysis and 
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analysis, Preparatory Manipulations, 
‘General Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in Acids, 
Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds 
Mixed) Insoluble, Particular Analytic Processes.—I1., Temperature: Coal, Steam Heat for 
Printers’ Stoves.—111., Acids and Alkalies: KBoracic Acid, Muriatic Acid, Nitric Acid, Sul- 
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations.—lV., The Earths: 
Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barytes, Felspar, Grauen (or 
-China Stone), China Clay, Chert.—V., Metals : Reciprocal Combinative Potencies of the Metals, 
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of 
Nickel from Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Silver, 

in, Zinc. 

PART IL, SYNTHESIS AND COMPOUNDS.—Chapters I., Sketch of the Origin and 
Progress of the Art.—II., Science of Mixing: Scientific Principles of the Manufacture, Com- 
binative Potencies of the Earths.—111., Bodies : Porcelain—Hard, Porcelain—Fritted Bodies, 
Porcelain—Raw Bodies, Porcelain—Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone, 
Dry Bodtes, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical 
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown, Raw Fawn, 
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen's Ware, Cream Colour, Blue 
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc.—I1V., Glazes: Porcelain— 
Hard Fritted, Porcel:un—Soft Fritted, Porcelain—Soft Raw, Cream Colour Porcelain, Blue 
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips, 
Smears and Washes; Glasses: Flint Glass, Coloured Glasses, Artificial Garnet, Artificial 
Emerald, Artificial Amethyst, Artificial Supphire, Artiticial Opal, Plate Glass, Crown Glass, 
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting, 
Engraving on Glass, Dr. Faraday's Experiments.—V., Colours: Colour Making, Fluxes or 
Solvents, Components of the Colours: Reds, etc., from Gold, Carmine or Rose Colour, 
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing, 
“Gold for Burnishing, Printer's Oil, Lustren. 
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PART III, TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB- 
STANCES.—Preliminary Remarks, Oxygen (Tables), Sulphur and its Compounds, Nitrogen 
ditto, Chlorine ditto, Bromine ditto, lodine ditto, Fluorine ditto, Phosphorous ditto, Boron ditto, 
Carbon ditto, Hydrogen ditto, Observations, Ammonium and its Compounds (Tables), Thorium 
ditto, Zirconium ditto, Aluminium ditto, Yttrium ditto, Glucinum ditto, Magnesium ditto, 
Calcium ditto, Strontium ditto, Barium ditto, Lithium ditto, Sodium and its Compounds 
Potassium ditto, Observations, Selenium and its Compounds (Tables), Arsenic ditto, Chromium 
ditto, Vanadium ditto, Molybdenum ditto, Tungsten ditto, Antimony ditto, Tellurium ditto, 
Tantalum ditto, Titanium ditto, Silicium ditto, Osmium ditto, Gold ditto, Iridium ditto, Rhodium 
ditto, Platinum ditto, Palladium ditto, Mercury ditto, Silver ditto, Copper ditto, Uranium ditto. 
Bismuth and its Compounds, Tin ditto, Lead ditto, Cerium ditto, Cobalt ditto, Nickel ditto, 
Iron ditto, Cadmium ditto, Zine ditto, Manganese ditto, Observations, Isomorphous Groups, 
Isomeric ditto, Metameric ditto, Polymeric ditto, Index. 


Press Opinions. 

“This interesting volume has been kept from the pencil of the modern editor and reprinted 

in its entirety by the enterprising publishers of The Pottery Gazette and other trade journals. 

.. There is an excellent historical sketch of the origin and progress of the art of pottery 
which shows the intimate knowledge of classical as well as (the then) modern scientific litera- 
ture possessed by the late Dr. Shaw; even the etymology of many of the Staffordshire place- 
names is given.”—Glaszow Herald, 

“The historical sketch of the origin and progress of pottery is very interesting and instruc- 
tive. The science of mixing is a problem of great importance, and the query how the natural 
products, alumina and silica can be compounded to form the best wares may be solved by the 
aid of chemistry instead of by guesses, as was formerly the case. This portion of the book may 
be most supyestive to the manufacturer, as also the chapters devoted to the subject of glazes, 
glasses and colours."—Birminvham Post, 

“ Messrs. Scott, Greenwood & Co. are doing their best to place before the pottery trades 
some really good books, likely to aid the Staffordshire manufacturers, and their spirited enter- 
prise is worthy of encouragement, for the utility of technical literature beuring upon the 
, ractical side of potting goes without saying. . .. They are to be congratulated on their 
enterprise in republishing it, and we can only hope that they will meet with the support they 
deserve. It seems to be a volume that 1s worth looking through by both manufacturers and 
operatives alike, and all local institutions, at any rate, should secure copies."~-Siutordshire 
Sentinel, 


Paper Making. 


THE DYEING OF PAPER PULP. A Practical Treatise for 


the use of Papermakers, Paperstainers, Students and others. By 
JULIUS ERFURT, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Jutius HÜBNER, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns of paper dyed in the pulp. Royal 
Svo, 180 pp. 1901. Price 15s.: India and Colonies, 16s.: Other 
Countries, 20s.; strictly net. Limited edition. 


Contents. 


1, Behaviour of the Paper Fibres during the Process of Dyeing, Theory of the 
Mordant—Cotton; Flax and Hemp; Esparto: Jute: Straw Cellulose; Chemical and Mechani- 
cal Wood Pulp; Mixed Fibres; Theory of Dyeing.—II., Colour Fixing Mediums (Mordants) 
—Alam: Aluminium Sulphate; Aluminium Acetate: Tin Crystals (Stannous Chloride); Cop- 
peras (Ferrous Sulphate); Nitrate of Iron (Ferric Sulphate): Pyrolignite of Iron (Acetate of 
Iron); Action of Tannic Acid: Importance of Materials containing Tannin; Treatment with 
Tannic Acid of Paper Pulp intended for dyeing; Blue Stone (Copper Sulphate): Potassium 
Bichromate; Sodium Bichromate; Chalk (Calcium Carbonate); Soda Crystals (Sodium Car- 
bonate); Antimony Potassium Tartrate (Tartar Emetic).—111., Influence of the Quality of 
the Water Used.—IV., Inorganic Colours—1. Artificial Mineral Colours: Iron Buff; Man- 
ganese Bronze: Chrome Yellow (Chromate of Lead); Chrome Orange (Basic Chromate of 

ead); Red Lead; Chrome Green: Blue with Yellow Prussiate: Prussian Blue: Method for 
Producing Prussian Blue free from Acid: Ultramarine—? Natural Mineral Colours (Earth 
Colours): Yellow Earth Colours: Red Earth Colours: Brown Earth Colours; Green, Grey and 
Black Earth Colours: White Earth Colours: White Clay (China Clay): White Gypsum: 
Baryta: Magnesium Carbonate: Talc, Soapstone.—V., Organic Colours—I. Colours of 
Vegetable and Animal Origin: (a) Substantive (Direct Dycing) Colouring Matters: Annatto: 
Turmeric; Safflower; (6) Adjectiie Undtrect Dyeing) Colouring Matters : Redwood: Cochineal: 
Weld: Persian Berries: Fustic Extract; Quercitron: Catechu (Cutch); Logwood Extract—2, 
Artificial Organic (Coal Tar) Colours: Acid Colours; Basic Colours: Substantive (Direct 
Dyeing) Colours: Dissolving of the Coal Tar Colours: Auramine®: Naphthol Yellow S°; 
Quinoline Yellow®; Metanil Yellow®; Paper Yellow®; Azoflavine RS°, S°: Cotton Yellow 
Gxx and Rxx; Orange II°; Chrysoidine A®, RL®: Vesuvine Extra: Vesuvine BC°°: Fast 
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Brown”, Narhthylamine Brown? : Water Blue IN°; Water Blue TB®; Victoria Blue B°°; Methy- 
dene Blue MD®; Nile Blue R°; New Blue S~; Indoine Blue BB®% : Eosine 442 Nx; Phloxine 
BBN; Rhodamine B®; Rhodamine 6G; Naphthylamine Red G°; Fast Red A9; Cotton 
Scarlet”: Erythrine RR°: Erythrine X°; Erytrrine P°; Ponceau 2 R’; Fast Ponceau G° and 
B?; Paper Scarlet P°°; Saffranine PP; Magenta Powder A%; Acetate of Magenta ; 
Cerise D 10-°; Methyl Violet BB°°: Crystal Violet®”: Acid Violet 3 BN°, 4 R°; Diamond 
Green B©: Nigrosine WL’; Coal Black-”: Brilliant Black B°.—VI., Practical Application 
of the Coal Tar Colours according to their Properties and their Behaviour towards 
the Different Paper Fibres—Coal Tar Colours which rank foremost, as far as their fastness 
to light 1s concerned; Colour Combinations with which colourless or nearly colourless Back- 
water 1s obtained; Colours which do not bieed inio White Fibres, for Blotting and Copyin 
Paper Pulp; Colours which produce the best results on Mechanical Wood and on Unbleache 
Sulphite Wood: Dyeing of Cotton, Jute and Wool Half-stuff for Mottling White or Light 
Coluured Papers; Colours suitable for Cotton; Colours specially suitable for Jute Dyeing: 
Colours suitable for Wool Fibres.—VII., Dyed Patterns on Various Pulp Mixtures— 
Placard and Wrapping Papers: Black Wrapping and Cartridge Papers; Blotting Papers; 
Mottled and Marbled Papers made with Coloured Linen, Cotton and Union Rags, or with 
Cotton, Jute, Wool and Sulphite Wood Fibres, dyed specially for this purpose; Mottling with 
Dark Blue Linen; Mottling with Dark Blue Linen and Dark Blue Cotton; Mottling with Dark 
Blue Cotton: Mottling with Dark Blue and Red Cotton; Mottling with Dark Red Cotton; 
Mottling of Bleached Stuff, with 3 to 4 per cent. of Dyed Cotton Fibres; Mottling with Dark 
Blue Union (Linen and Wool or Cotton Warp with Wool Weft); Mottling with Blue Striped 
Red Union: Mottling of Bleached Stuff with 3 to 4 per cent. of Dyed Wool Fibres; Mottling 
of Bleached Stuff with 3 to 4 per cent. of Dyed Jute Fibres; Mottling of Bleached Stuff with 
3 to 4 per cent. of Dyed Sulphite Wood Fibres: Wall Papers; Packing Papers.—VIII, 
Dyeing to Shade—Index. 
Press Opinions. 

“The book is one that is of value to every one connected with the colouring of paper.”"— 
Paper [rade Journas, 

“The great feature of the volume is undoubtedly the series of actual patterns of dyed 
papers, 157 in all—twelve of which, made in England, have been added to the original German 
series. Detailed formulæ are given for the preparation of the pulp for each, and the tints of 
the samples practically form a key. by means of which the accuracy of the student's or 
practitioner's experiments can be tested. ... On the whole the publication is one of distinct 
mportance to the trade, and will no doubt speedily become a standard work of reference 
amongst papermakers, both in the ‘lab.’ and the office, as well as being an excellent text-book 
for the use of students in the increasing number of technical institutes in which papermaking 
is taught.”"— World's Paper Trade Review. 


Enamelling on Metal. 
ENAMELS AND ENAMELLING. An Introduction to the 


Preparation and Application of all Kinds of Enamels for Technical and 
Artistic Purposes. For Enamel Makers, Workers in Gold and Silver, 
and Manufacturers of Objects of Art. By PAUL RANDAU. Translated 
from the German. With Sixteen Illustrations. 180 pp. 1900. Price 
10s. 6d.; India and Colonies, 11s.; Other Countries, 12s. ; strictly net. 


Contents. 

I., Introduction.—II., Composition and Properties of Glass.—III., Raw Materials for the 
Manufacture of Enamels.—1V., Substances Added to Produce Opacity.—V., Fluxes.—VI., Pig- 
ments.—VIL., Decolorising Agents.—VIII., Testing the Raw Materials with the Blow-pipe 
Flame.—IX., Subsidiary Materials.—X., Preparing the Materials for Enamel Making.—XI., 
Mixing the Materials.—XII., The Preparation of Technical Enamels, The Enamel Mass.— 
XIII, Appliances for Smelting the Enamel Mass.—XIV., Smelting the Charge.—XV., Com- 
position of Enamel Masses.—XVI., Composition of Masses for Ground Enamels.—XVII., 
Composition of Cover Enamels.—XVIIE., Preparing the Articles for Enamelling.—XIX., 
Applying the Enamel.—XX., Firing the Ground Enamel.—XXI., Applying and Firing the 
Cover Enamel or Glaze.—XXII., Repairing Defects in Enamelled Ware.—XXIII., Enamelling 
Articles of Sheet Metal.—XXIV., Decorating Enamelled Ware.—XXV., Specialities in Enae 
nelling.—XXVI., Dial-plate Enamelling.—XXVII., Enamels for Artistic Purposes, Recipes 
for Enamels of Various Colours.—Index. 


Press Opinions. 

‘‘Should prove of great service to all who are either engaged in or interested in the art of 
enamelling."—J ewellers and Watchmakers’ [rade Advertiser. 

“I must inform you that this is the best book ever I have come across on enamels, and it is 
worth double its cost.""—J. MINCHIN, Jr., Porto, Portugal, 22nd July, 1900. 

“This is a very useful and thoroughly practical treatise, and deals with every branch of the 
enameller's art. The manufacture of enamels of various colours and the methods of their 
application are described in detail. Besides the commoner enamelling processes, some of the 
more important special branches of the business, such as cloisonne work are dealt with. The 
work is well got up, and the illustrations of apparatus are well executed. The translator is 
evidently a man well acquainted both with the German language and the subject-matter of the 
book.”"—J nvention. 
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“This is a most welcome volume, and one for which we have long waited in this country. 
For years we have been teaching design applied to enamelling as well as to several other 
crafts, but we have not risen to the scientific side of the question. Here is a handbook dealing 
with the composition and making of enamels for application to metals for the most part, but 
also for other allied purposes. It is written in a thoroughly practical way, and its author— 
Paul Randau—has made its subject a very particular study. The result, like almost all things. 
which come from the German chemical expert, is a model of good workmanship and arrange- 
ment, and no one who is in search of a handbook to enamelling, no matter whether he is a 
craftsman producing his beautiful translucent colours on gold, silver and copper, or the hollow- 
ware manufacturer making enamelled saucepans and kettles, can wish for a more useful 
practical manual."—Airmingham Gazette. 


THE ART OF ENAMELLING ON METAL. By W. 
NORMAN Brown. Twenty-eight Illustrations. Crown 8vo. 60 pp. 
1900. Price 2s. 6d.: Abroad, 3s.; strictly net. 


Contents. 

Chapters 1., History—Cloisonné—Champs Levé—Translucent Enamel—Surface Painted: 
Enamels.—11., Cloisonné—Champs Levés—Translucent—Painted.—I1I., Painted Enamel— 
Apparatus—Furnaces and Muffles for Firing.—1V. The Copper Base or Plate—Planishing— 
Cloisons—Champ Levé Plates.—V., Enamels—Trituration—Washing—Coating a Plate with 
Enamel—Firing Ordinary Plaques for Painting—Designing—Squaring off.—VI., Designs for 
Cloisonné—Designs for Painted Enamelts—Technical Processes—Brushes, etc.,—Colours— 
Grisaille—Full-coloured Designs. 

Press Opinion. 


“The information conveyed in The Art of Enamelliny on Metal is as complete as can be ex- 
pected in a manual of ordinary length, and is quite ample in all respects to start students in a 
most interesting branch of decorative art. All necessary requisites are fully described and 
illustrated, and the work is one, indeed, which any one may pursue with interest, for those who 
are interested artistically in enamels are a numerous body."—Hardware Metals and Machinery. 


Books on Textile and Dyeing 


Subjects. 


THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 


tions. Translated from the German of Dr. J. HERZFELD. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 1901. Price 
10s. 6d.; India and Colonies, 11s.; Other Countries, 12s.; strictly net. 


Contents. 


Yarn Testing. III., Determining the Yarn Number.—IV., Testing the Length ot 
Yarns.—V., Examination of the External Appearance of Yarn.—VI., Determining the 
Twist of Yarn and Twist.—VII., Determination of Tensile Strength and Elasticity.— 
VIII., Estimating the Percentage of Fat in Yarn.—IX.,;Determination of Moisture 
(Conditioning).—Appendix 

Press Opinions. 


*1t would be well it our English manufacturers would avail themselves of this important 
addition to the extensive list of German publications which, by the spread of technical infor- 
mation, contribute in no small degree to the success, and sometimes to the supremacy, of 
Germany in almost every branch of textile manufacture."—Manchester Courter. 

“This is probably the most exhaustive book published in English on the subject dealt with. 
. . . We have great confidence in recommending the purchase of this book by all manu- 
facturers of textile goods of whatever kind, and are convinced that the concise and direct way 
in which it is written, which has heen admirably conserved by the translator, renders it 
peculiarly adapted for the use of English readers."—Tevttle Recorder. 

“A careful study of this book enables one to say with certainty that it is a standard work on 
the subject. Its importance is enhanced jreatly by the probability that we have here, for the 
frst time in our own language, in one volume, a full, accurate, and detailed account, by a prac- 
tical expert, of the best technical methods for the testing of textile materials, whether in the 
raw state or in the more or less finished product."”—Glasvouw Herald. 

“The author has endeavoured to collect and arrange in systematic form for the first time 
all the data relating to both physical and chemical tests as used throughout the whole of the 
textile industry, so that not only the commercial and textile chemist, who has frequently to- 
reply to questions on these matters, but also the practical manufacturer of textiles and his. 
subordinates, whether in spinning, weaving, dyeing, and finishing, are catered for. . . . The 
book is profusely illustrated, and the subjects of these illustrations are clearly described.”— 
Textile Manufacturer. 
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DECORATIVE AND FANCY TEXTILE FABRICS. 
With Designs and Illustrations. By R.T. Lorp. A Valuable Book for 
Manufacturers and Designers of Carpets, Damask, Dress and all Textile 
Fabrics. 200 pp. 1898. Demy 8vo. 132 Designs and Illustrations. Price 
7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d. ;{strictly net. 


Contents. 


4aChapters 1, A Few Hints on Designing Ornamental Textile Fabrics.—II., A Few Hints on 
Designing Ornamental Textile Fabrics (continued).—III., A Few Hints on Designing Orna- 
mental Textile Fabrics (continued).—IV., A Few Hints on Designing Ornamental Textile 
Fabrics (continued).—V., Hints for Ruled-paper Draughtsmen.—VI., The Jacquard Machine.— 
VIL, Brussels and Wilton Carpets—VIII., Tapestry Carpets.—IX., Ingrain Carpets.—X., 
Axminster Carpets.—XI., Damask and Tapestry Fabrics-Kil, Scarf Silks and Ribbons.— 
XIIL., Silk Handkerchiefs.—XIV., Dress Fabrics.—XV., Mantle Cloths.—XVI., Figured Plush. 
—XVII., Bed Quilts. —XVIII., Calico Printing. 


Press Opinions. 


“The book can be strongly recommended to students and practical men.""— Textile Colourist. 

“Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental 
textiles will find this volume a useful work of reference."—/eeds Mercury. 

“The book is to be commended as a model manual, appearing at an opportune time, since 
every day is making known a growing desire for development in British industrial art."— 
Dundee Advertiser. 

“ Designers especially, who desire to make progress in their calling, will do well to take the 
hints thrown out in the first four chapters on ‘Designing Ornamental Textile Fabrics ’.”— 
Nottingham Daily Guardian. 


POWER-LOOM WEAVING AND YARN NUMBERING, 


According to Various Systems, with Conversion Tables. An Auxiliary 
and Text-book for Pupils of Weaving Schools, as well as for Self- 
Instruction and for General Use by those engaged in the Weaving 
Industry. Translated from the German of ANTHON GRUNER. With 
Twenty-six Diagrams in Colours. 150 pp. 1900. Crown 8vo. Price 
7s. 6d.; India and Colonies, 8s. ; Other Countries, 8s. 6d.; strictly net. 


Contents. ] 


L, Power-Loom Weaving in General. Various Systems of Looms.—Il., Mounting 
and Starting the Power-Loom. English Looms.—Tappet or Treadle Looms.—Dobhbies.— 
{II., General Remarks on the Numbering, Reeling and Packing of Yarn.—Appendix.— 
Useful Hints. Calculating Warps.—Weft Calculations.—Calculations of Cost Price in Hanks. 


Press Opinions. 

“A Jong-felt want in the weaving industry has been supplied by the issue of a cheap volume 
dealing with the subject."—Beljast Evening Telegraph 

“The work has been clearly translated from the German and published with suitable 
illustrations. ... The author has dealt very practically with the subject."—radjord Daily 
Telegraph. 

“The book, which contains a number of useful coloured diagrams, should prove invaluable 
to the student, and its handy form will enable it to become a companion more than some cum- 
brous work."—Cotton factory Times. 

“The book has been prepared with great care, and is most usefully illustrated. It is a capital 
text-book for use in the weaving schools or for self-instruction, while all engaged in the weaving 
industry will find its suggestions helpful."—Northern Daily Telegraph. 

“The various systems are treated in a careful manner; also the different looms and their 
manufacture, as well as the whole processes of the work. Yarn numbering according to various 
systems, with conversion tables and numerous coloured diagrams, materially assist to a clear 
comprehension of the subject."—Northern Whig. 

“The ‘inside’ managers of our textile mills in which the work is complex or greatly varied, 
and where yarns of different materials are in use, will find this work convenient for reference in 
case of novelty or difficulty. We may also say the same in relation to the textile student. Its 
description of the parts of the loom and their functions will be of use to the latter, being of the 
most elementary kind."—Teatile Mercury. 

“The author attempts to fill a gap in weaving literature caused by the neglect of many 
obscure points connected with the industry. A short review 1s given of the power-loom as a 
whole, followed by a description of the different parts of the machinery with their advantages 
and defects. . . . The book is severely technical, but must on that account be very valuable to 
the pupil who is determined to master this industrial art.""—Cheshire County News, 

“It is clear and concise, and gives just that knowledge in quality and amount which any 
student of the weaving industry ought to consider as a minimum necessary for his thoroug 
comprehension of his future profession. The handiness and variety of the information com- 
prised in Section 111., dealing with the numbering and reeling of yarns employed in the various 
systems in different countries, struck us as particularly useful "—North British Daily Mail. 
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“This work brings before weavers who are actually engaged in the various branches of 
fabrics, as well as the technical student, the different parts of the general run of power-looms in 
such a manner that the parts of the loom and their bearing to each other can be readily under- 
stood. . . . The work should prove of much value, as it is in every sense practical, and is put 
before the reader in such a clear manner that it can be easily understood.”—Textile Industries. 

“The book under notice is intended as an instructor to those engaged in power-loom weaving, 
and, judging by its compilation, the author is a thorough master of the craft. It is not over- 
loaded with details, and he manages to compress in a book of some 150 pages all that one can 
possibly wish to know about the different parts of the machinery, whether of English or foreign 
make, and for whatever kind of cloth required. A comprehensive summary is also included of 
the various yarns and methods of numbering them, as well as à few useful hints and a number 
of coloured diagrams tor mandarin weavings. The book is printed in bold, legible type, on 
good paper, has a copious index, and is well and strongly bound.”-—4 shton-under-Lyne Herald, 

“In dealing with the complicated parts of various classes of power-looms, the writer, who is 
one of the professors at the Royal Weaving School of Asch, brings to the work a thorough 
knowledge of the subject, and, what is of great value, he has the gift of communicating his 
knowledge in a way which is easily understood. The smallest details of loom-setting are 
entered into, and a full explanation of problems, which are a source of anxiety to many en- 
gaged in overlooking, is given. Students will find the work an admirable text-book, and all 
who dre interested in weaving will see in it a valuable addition to the literature on this subject. 
où . The book is in small compass, and is crowded with valuable information."—Brudford 

server, 


COLOUR: A HANDBOOK OF THE THEORY OF 


COLOUR. By Georce H. Herst, F.C.S. With Ten 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
1900. Price 7s. 6d.; India and Colonies. 8s. : Other Countries, 8s. 6d. : 
strictly net. 


Contents. 

Chapters I., Colour and Its Production. Light, Colour, Dispersion of White Light, 
Methods of Producing the Spectrum, Glass Prism and Diffraction Grating Spectroscopes, The 
Spectrum, Wave Motion of Light, Recomposition of White Light, Hue, Luminosity, Purity 
of Colours, The Polariscope, Phosphorescence, Fluorescence, Interference.—Il., Cause of 
Colour in Coloured Bodies. Transmitted Colours, Absorption Spectra of Colouring 
Matters.—[11., Colour Phenomena and Theories. Mixing Colours, White Light from 
Coloured Lights, Effect of Coloured Light on Colours, Complementary Colours, Young- 
Helmholtz Theory, Brewster Theory, Supplementary Colours, Maxwell's Theory, Colour 
Photography.—IV., The Physiology of Light. Structure of the Eye, Persistence of Vision, 
Subjective Colour Phenomena, Colour Blindness.—V., Contrast. Contrast, Simultaneous 
Contrast, Successive Contrast, Contrast of Tone, Contrast of Colours, Modification of Colours 
by Contrast, Colour Contrast in Decorative Design.—VI., Colour in Decoration and 
Design. Colour Harmonies, Colour Equivalents, Hlumination and Colour, Colour and 
Textile Fabrics, Surface Structure and Colour.—VII., Measurement of Colour. Colour 
Patch Method, The Tintometer, Chromometer. 


Press Opinions. 

“This useful little book possesses considerable merit, and will be of great utility to those for 
whom it is primarily intended."—Birmingham Post. 

“It will be found to be of direct service to the majority of dyers, calico printers and colour 
mixers, to whom we confidently recommend it."—Chemical Trade Journal. 

“It is thoroughly practical, and gives in simple language the why and wherefore of the many 
colour phenomena which perplex the dyer and the colourist."—Dyer and Calico Printer. 

“We have found the book very interesting, and can recommend it to all who wish to master 
the different aspects of colour theory, with a view to a practical application of the knowledge so 
gained."—Chemist and Druggist. 

“Mr. Hurst's Handbook on the Theory of Colour will be found extremely useful, not only to 
the art student, but also to the craftsman, whose business it is to manipulate pigments and 
dyes."—Nottingham Daily Guardian. 


TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 


Materials and the Technology of the Spinning Process.) Text-book for 
Textile, Trade and Higher Technical Schools. By JuLius ZIPSER. 
Translated from German by CHARLES SALTER. 302 Jilustrations. 
480 pp. Demy 8vo. 1901. Price 10s. 6d.; India and Colonies, IIs. ; 
Other Countries, 12s. ; strictly net. 


Contents. 

Raw Materlals: Cotton—Woo!l—Flax—Hemp—Jute—Hair—Shearing Sheep—Goat 
Wool—Silk—Detection and Estimation of Textile Raw Materials in Yarns and Fabrics—Tests. 
—The Technology of Spinning. Cotton Spinning: Bale Breakers—Carding—Combing 
—Roving—Mule Frames—Yarn Testing—Humidifiers. Flax Spinning: Tow Spinning— 
String Spinning - Carded Woollen Yarn—Belt Condenser—Fine Spinning—Yarn Numbering.— 
Manufacture of True Worsted Yarn: Semi-\Worsted Yarns.—Artificial Wool or 
Shoddy Spinning: Spinning Shoddy.—Index. 
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THE COLOUR PRINTING OF CARPET YARNS. A 


Useful Manual for Colour Chemists and Textile Printers. By Davip 
PATERSON, F.C.S. Seventeen Illustrations. 132 pp. Demy 8vo. 1900. 
Price 7s. 6d.; India and Colonies, 8s. Other Countries, 8s. 6d.; strictly 


net. Contents. 

Chapters I., Structure and Constitution of Wool Fibre.—11., Yarn Scouring.—III., Scouring 
Materials.—1V., Water for Scouring.—V., Bleaching Carpet Yarns.—VI., Colour Making for 
Yarn Printing.—VII., Colour Printing Pastes.—VIII., Colour Recipes for Yarn Printing.— 
IX., Science of Colour Mixiny.—X., Matching of Colours.—XI., Hank" Printing.—XIL., 
Printing Tapestry Carpet Yarns.—XII1., Yarn Printing.--XIV., Steaming Printed Yarns.— 
XV. Washing of Steamed Yarns.—XVI., Aniline Colours Suitable for Yarn Printing.—XVIL., 
Glossary of Dyes and Dye-wares used in Wood Yarn Printing.—Appendix. 

Press Opinions. 

“The book is worthy the attention of the trade.” -H'orcester Herald. 

‘The treatise is arranged with great care, and follows the processes described in a manner 
at once clear and convincing.“—Glasgow Record. 

“A most useful manual dealing in an intelligible and interesting manner with the colour 
printing of carpet yarns." —Aidderminster Times. 

“ An eminent expert himself, the author has evidently strained every effort in order to make 
his work the standard guide of its class."—Letcester Post. 

“ The book, which ts admirably printed and illustrated. should fulfil the need of a practical 
guide in the colour printing of carpet yarns.—Nofttin hum Ea press. 

“The subject is very exhaustively treated in all its branches. . . . The work, which is very 
well illustrated with designs, machines, and wool fibres, will be 1 useful addition to our textile 
literature." Northern W his. 

“Tt gives an account of its subject which is both valuable and instructive in itself, and likely 
to be all the more welcome because books dealing with textile fabrics usually have little or 
nothing to suy about this way of decorating them.” Scotsman, 

“The work shows a thorough grasp of the leading characteristics as well as the minutæ of 
the industry, and gives a lucid description ot its chief departments. ... As a text-book in 
technical schools where this branch of industrial education ts tuught,,the book is valuable, or 
it may be perused with pleasure us well as profit by any one having an interest in textile in- 
dustries." —Dundee Courier. 

“The book bears every mark of an extensive practical knowledge of the subject in all its 
bearings, and supplies a real want in technical literature. Chapters IX. and X., on the science 
of colour mixing and colour matching respectively, are especially good, and we do not remem- 
ber to have seen the bearing of various kinds of light, and of the changes from one hind of light 
to another on the work of the colourist, so well treated elsewhere."—Dyer and Calico Printer. 

“It is thoroughly practical, and contains much information which has not hitherto appeared 
in book form. It is pleasing to note that the practical part is not crowded out with purely 
‘practical recipes’. A few typical examples are given, and the rest is left to the common sense 
and judgment of the printer or works’ chemist. Another pleasing feature is the accounts given 
here and there of the author's own researches on the subject. The work will be of interest to 
printers of wool generally, and to those engaged in the dyeing of this fibre."-—Jourmel of the 
Suctety of Dycrs and Colourtsts. 


A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 


L. TAILFER, Chemical and Mechanical Engineer. Translated from the 
French by JOHN GEDDES McINTOSH, Lecturer on Chemical Technology, 
London. Demy 8vo. 1901. Price 12s. 6d.; India and Colonies, 13s. 6d ; 
Other Countries, 15s.; strictly net. 

Contents. 

Chapter I. General Considerations on Bleaching. Chapter II. Steeping. Chapter III 
Washing: Its End and Importunce—Roller Washing Machines--Wash Wheel (Dash Wheel)— 
Stocks or Wash Mill—Squeezing. Chapter IV. Lye Boiling—Lye Boiling with Milk of Lime 
—Lye Boiling with Soda Lyes Description of Lye Boiling Keirs—Operations of Lye Boiling 
-~Concentration of Lyes. Chapter V. Mather and Platt's Keir— Description of the Keir— 
Saturation of the Fabrics—Alkali used in Lye Boiling— Examples of Processes. Chapter VI. 
Soap—Action of Soap in Bleaching—Quality and Quantity of Soups to use in the Lye—Soap 
Lyes or Scalds-- Soap Scouring Stocks. Chapter VII. Bleaching on Grass or on the Bleach- 
ing Green or Lawn. Chapter VIII. Chemicking—Remarks on Chlorides and their De- 
colourising Action—Chemicking Cisterns—Chemicking—Strengths, etc. Chapter IX. Sours 
— Properties of the Acids—Effects Produced by Acids—Souring Cisterns. Chapter X. 
Drying—Drying by Steam—Drying by Hot Air—Drying by Air. Chapter XI. Damages to 
Fabrics in Bleaching- Yarn Mildew—Fermentation—Iron Rust Spots—Spots from Contact 
with Wood-- Spots incurred on the Bleaching Green—Damages arising from the Machines. 
Chapter XII. Examples of Methods used in Bleaching—Linen—Cotton. Chapter XIII. The 
Valuation of Caustic and Carbonated Alkali (Soda) and General Information Regarding these 
Bodies—Object of Alkalimetry—Titration of Carbonate of Soda—Comparative Table of 
Different Degrees of Alkalimetrical Strength—Five Problems relative to Carbonate of Soda 
—Caustic Soda, its Properties and Uses—Mixtures of Carbonated and Caustic Alkali—Note 
on a Process of Manufacturing Caustic Soda and Mixtures of Caustic and Carbonated Alkali 
(Soda). Chapter XIV. Chlorometry—Titration— Wagner's Chlorometric Method—Prepara- 
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tion of Standard Solutions—Apparatus for Chlorine Valuation—Alkali in Excess in De- 
colourising Chlorides. Chapter XV. Chlorine and Decolourising Chlorides—Synopsis— 
Chlorine—Chloride of Lime—Hypochlorite of Soda—Brochoki's Chlorozone—Various De- 
colourising Hypochlorites—Comparison of Chloride of Lime and Hypochlorite of Soda. 
Chapter XVI. Water—Qualities of Water—Hardness—Dervaux's Purifier—Testing the 
Purified Water—Different Plant for Purification—Filters. Chapter XVII. Bleaching of 
Yarn—Weight of Yarn—Lye Boiling—Chemicking --Washing—B eaching of Cotton Yarn. 
Chapter XVIII. The Installation of a Bleach Works—Water Supply—Steam Boilers—Steam 
Distribution Pipes—Engines—Keirs—Washing Machines—Stocks—Wash Wheels—Chemick- 
ing and Souring Cisterns—Various—Buildings. Chapter XIX. Addenda—Energy of De- 
colourising Chlorides and Bleaching by Electricity and Ozone—Energy of Decolourising 
Chlorides—Chlorides—Production of Chlorine and Hypochlorites by Electrolysis —-Lunge's 
Process for increasing the intensity of the Bleaching Power of Chloride of Lime—Trilfer's 
Process for Removing the Excess of Lime or Soda from Decolourising Chlorides—Bleaching 
by Ozone. 


THE SCIENCE OF COLOUR MIXING. A Manual in- 


tended for the use of Dyers, Calico Printers and Colour Chemists. By 
DaviD PATERSON, F.C.S. Forty-one Illustrations, Five Coloured Plates, 
and Four Plates showing Eleven Dyed Speoimens of Fabrics. 132 
pp. Demy 8vo. 1900. Price 7s. 6d.; India and Colonies, 8s.: Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Chapters [., Colour a Sensation: Colours of Illuminated Bodies: Colours of Opaque and 
Transparent Bodies; Surface Colour.—1Il., Analysis of Light; Spectrum: Homogeneous 
Colours: Ready Method of Obtaining a Spectrum.—II1., Examination of Solar Spectrum: 
The Spectroscope and Its Construction: Colourists’ Use of the Spectroscope.—IV.. Colour by 
Absorption: Solutions and Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight.—V., Colour 
Primaries of the Scientist versus the Dyer and Artist: Colour Mixing by Rotation and Lye 
Dyeing ; Hue, Purity, Brightness: Tints; Shades, Scales, Tones, Sad and Sombre Colours.— 
vi, Colour Mixing; Pure and Impure Greens, Orange and Violets; Large Variety of Shades 
from few Colours; Consideration of the Practical Primaries: Red, Yellow and Blue.—VII., 
Secondary Colours; Nomenclature of Violet and Purple Group; Tints and Shades of Violet; 
Changes in Artificial Light.—VIII., Tertiary Shades; Broken Hues; Absorption Spectra of 
Tertiary Shades.—Appendix: Four Plates with Dyed Specimens Illustrating Text.—Index. 

Press Opinions. 

“The work has evidently been prepared with great care, and, as far as we can judge, should 
be “7 useful to the dyer and colourist."—Halifav Courier. 

“The volume, which is clearly and popularly written, should prove of the utmost service to 
au who are concerned with the practical use of colours, whether as dyers or painters.”— 

cotsman, 

“To the practical colourist, and also to technical students, Mr. Paterson's new work will be 
very welcome We are often asked to recommend books on different subjects, and have no 
hesitation in advising the purchase of the present volume by dyers and calico printers, as con- 
taining a mass of most useful information at a nominal price."—Jrish Textile Journal. 

‘“‘ Mr. Paterson's work not only clearly deals with the theory of colour, but supplies lucid 
directions for the practical application of the theory. His work will be found exceedingly 
helpful, not only to the practical colourist, but also to students in our textile colleges, by 
forming a useful complement to their class lectures. There are several exquisitely coloured 
plates and a large number of other illustrations of theory and practice in colour blending, and 
also a series of plates with specimens of dyed fabrics.attached, in explication of the author’s 
views."—Wakeneld Express. 

“Mr. Paterson has little to say upon the experimental aspect or on its æsthetics, but much 
upon the theory of colour, especially as it bears upon the question—an all-important one to 
dyers, calico printers and artists, who have to produce such a variety of shades and tints—of 
the admixture of one colour upon another. ... The author js a dyer, and in his concluding 
chapters keeps well before him the special wants and requirements of dyers. He writes 

leasantly and lucidly, and there is no difficulty in following him, although here and there a 
apse into ambiguousness occurs. The book is well printed, generously supplied with coloured 
plates, very nicely if not brightly got up: and the dyed patterns at the end enhance the value 
of the book to the dyer."— Textile Mercury. 

‘For some time the proprietors of The Où and Colourman’s Journal have been engaged 1n 
the publication of a series of practical handbooks intended for the use of those interested in 
certain branches of technology, and the present volume is the latest addition to their list. 
The feature which the works have in common—and it is an all-important one in treatises of 
this sort—is their eminently practical character. The primary aim of the publishers is to 
provide scientific text-books which will be helpful to those who are either actively engaged in 
the practice of the arts in question, or who are studying with that immediate end in view... . 
Mr. Paterson speaks with that assured knowledge of an expert, and in the present volume, as 
in that which he has already contributed to the same series, he sets forth the true foundation 
of the art of colouring in a manner at once comprehensive and judicious. ... For dyers, 
calico printers and colourists in general, whose desire it is to work with accuracy in their 
respective branches, the treatise will prove an invaluable guide-book, provided the principles 
and methods it describes are studied with intelligence and care. To this end, every encourage- 
ment has been given that well-chosen examples, carefully executed plates and diagrams, and 
an exhaustive index can supply."—Glascow Herald. 
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COLOUR MATCHING ON TEXTILES. A Manial in- 


tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. .By Davip Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
Fabrics Illustrating Text. Demy 8vo. 182 pp. 1901. Price 7s. 6d.; 
India and Colonies, 8s. ; Other Countries, 8s. 6d.; strictly net. 


Contents. 

Chapters I., Colour Vision and Structure of the Eye—Perception of Colour— Primary 
and Complementary Colour Sensations.—II., Daylight tor Colour Matching —Selection ot a 
Good Pure Light—Diffused Daylight, Direct Sunitght, Blue Skylight, Variability of Daylight, 
etc., etc.—[il., Matching of Hues—Purity and Luminosity of Colours—Matching Bright Hues 
—Aid of Tinted Films—Matching Difficulties Arising from Contrast.—IV., Examination of 
Colours by Reflected and Transmitted Lights—Effect of Lustre and ‘Lransparency of Fibres 
in Colour Matching. —V., Matching of Colours on Velvet Pile—Optical Properties of Dye 
stuffs, Dichroism, Fluorescence.—V1., Use of Tinted Mediums—Orange Film—Defects of the 
Eye—Yellowing of thé Lens—Colour Hlindness, etc.—VII., Matching of Dyed Silk Trimmings 
and Linings and Bindings—Its Difficulties— Behaviour of Shades in Artificial Light—Colour 
Matching of Old Fabrics, etc.— VIII., Examination of Dyed Colours under the Artiticial Lights 
—Electric Arc, Magnesium and Dufton, Gardner Lights, Welsbach, Acetylene, etc.—Testing 
Qualities of an {lluminant.—IX., Influence of the Absorption Spectrum in Changes of Hue 
under the Artificial Lights—Study of the Causes of Abnormal Modifications of Hue, etc. 


Reissue of 


THE ART OF DYEING WOOL, SILK AND COTTON. 


Translated from the French of M. HELLOT, M. MACQUER and M. LE 
PILEUR D’APLIGNY. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. 1901. Price 5s.; India and Colonies, 5s. 6d. ; 
Other Countries, 6s.; strictly net. 

Contents. ' 

Part I., The Art of Dyeing Wool and Woollen Cloth, Stuffs, Yarn, Worsted, etc. : 
Introduction.—Chapters 1. Of the Vessels and Utensils used in Dyeing.—II., Of the Fixed 
wd Fugitive, commonly cal ed Great and Little Dye.—III., Of Colours in Grain. Dyeing 
Wool: IV. OF Blue.—V., Of the Pastel Vat—Directions for the Proper Management of the 
Vat—Indications when the Vat has Suffered by too much or too little Lime, the two extremes 
which ought carefully to be avoided—The Preparations of Indigo tor the Pastel Vat.—VI., 
Of the Woad Vat.— VII., Of the Indigo Vat.—VIII., Of the Cold Indigo Vat with Urine—A 
Hot Indigo Vat with Urine—To Reheat a Urine Vat.—IX., A Cold Indigo Vat without Urine. 
—X., Of the Method of Dyeing Blue.—XI., Of Red.—X11., Of Scarlet in Grain, or Venetian 
Scarlet.— XII, Of Fire Scarlet.— XIV., Of Crimson.—XV., OF Gum Lac Scarlet.—XVI. Of 
the Coccus folonicus, a Colouring Insect.—XVIL., OF Madder Red.—XVIEL., Of Yellow.—XIX., 
Of Brown or Fawn Colour.—-XX., Of Black.—XX1., Of the Colours obtained from a Mixture of 
Blue and Red.—XXII., Of the Mixture of Blue and Yellow.—XXIII., Of the Mixture of Blue 
and Fawn Colour.—XXIV., Of the Mixture of Blue and Blach.—XXV., OF the Mixture of Red 
and Yellow.—XXVI., Of the Mixture of Red and Fawn.—XXVII., Of the Mixture of Red and 
Black.—XXVIII., Of the Mixture of Yellow and Fawn Colours.—XXIX., Of the Mixture of 
Yellow and Black.—XXX., Of the Mixture of Fawn Colour and Black.—XXXI., Of the Prin- 
cipal Mixtures of the Primitive Colours by Three and Three.—XXXII., The Method of Blending 
Wool of Different Colours for mixed Cloth or Stuffs.—XXXIII., The Method of Preparing 
Felts for Trial XXXIV., The Method of Dyeing Woollens False Colours. —XXXV., Of Flock 
or Goats’ Hair..--XXXVI., Of Archil, and the Method of Using It.—XXXVIL., Of Logwood.— 
XXXVIIL, Of Brazil Wood. -XXXIX., Of Fustic.—XL., Roucou.—XLI., Of French Berries. 
Sell Of Turmeric.—XLIII., Instructions for the Proof Liquor for Wool and Woollen 

tults, 

Part II., The Art of Dyeing Silk : Ungumming and Boiling for White.—For Boiling of 
Silks Intended to be Dyed.— Observations on Ungumming and Boiling.-—-Of White.—Of Whiten- 
ing.—Sulphuring.—Observations on Whitening and Sulphuring.—Of Aluming.—Remarks on 
Aluming.—Of Blue.—Remarks on the Blue of Indigo.—Of Yellow.—Remarks on Yellow.— 
Aurora, Orange, Mordore, Gold Colour and Chamois.—Red and Crimson.—Remarks on 
Crimson.—Of False Crimson or the Red of Brazil.— Remarks on the Red, or Crimson of Brazil 
Wood.—Of Scarlet, Orange, Red and Cherry Colour.—Preparation of the Carthamus or 
Bastard Saffron.—Remarks on the Dye of Carthamus or Bastard Saffron.—Of the False 
Poppy or Fire Colour Produced with Brazil Wood.—False Rose Colour.—Of Green.— 
Remarks.—Of Olives.—Remarks.— Of Violet.—Of Fine Violet, or Violet in Grain.—Of False 
or Common Violets or Lilac.—Of the Violet of Logwood.— Remarks.—Violet of Logwood and 
Verdigris.—Violets of Brazil and Logwood.—Remarks.—Violets from Brazil Wood and Archil. 
—Of Purple, Gillyflower, and of Fine Cochineal or Purple.—Of False Purple.—Of Maroons, 
Cinnamons and White Lees.— Remarks.—Of Nut Greys, Thorn Greys, Black and Iron Greys 
and others of the same Species.—Of Black.—Softening of Black.—Black in the Raw.— Remarks 
on Black.—Particular Process Communicated by M. Hellot.—Genoa Crimson, a Process 
Proved in May, 1743.— Violet Crimson of Italy.— Half Violet.—Genoa Black for Velvets. 

Part IIl., The Art of Dyeing Cotton and Linen Thread, together with the Method 
of Stamping Silks, Cottons, etc. : Of Dyeing in General.—Inquiry concerning Wool, Silk, 
Cotton and Flax.—Of Wool.—Of Silk.—Of Cotton.—Of Flax.—Conclusion from the Examina- 
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tion of Substances Commonly Dyed.—Of Bleaching.—Preparation for Stuffs to be Dyed.— 
Astringents.—Theory of Dyeing Stuffs Prepared with Alum.—Of Colouring Substances.— 
Of Cochineal and Colouring Insects.—Of Madder.—Of Vegetables Furnishing a Yellow Dye.— 
Of the Colouring Drugs Used in Dyeing without Astringents—Of Indigo. - Of Substances 
Used in Dyeing Fawn and Root Colour.—Of Carthamus, Roucou, etc.—Of Black. Of Dyeing 
of Cotton Thread : Of Cleansing.—Of the Colours Employed for the Dyeing of Cotton 
Thread.—Of Blue.—Of Red.—Adrianople Red.—Observations on this Dye.—Of Yellow.—Of 
Green.—Of Violet. -Of Red Cinnamon.—OF Black.—Black for Linen and Cotton Thread by a 
Combination of Colours.—Of Grey.—Of More Durable Greys.—Of Musk Colour. - Olive and 
Duck Greens.--Of Browns, Maroons, Coffee Colours, etc.—Of Silk Stuffs Dyed of Several 
Colours. The Manner of Stamping Silk, etc.. in Europe. Of a Linen with a Blue Ground 
and White Pattern.—Of Saxon Blue.—Observations on this Dye. - Indexes. 


THE DYEING OF COTTON FABRICS: A Practical 


Handbook for the Dyer and Student. By FRANKLIN BEECH, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy Svo. 1901. Price 7s. 6d.; India 
and Colonies, 8s.; Other Countries. 8s. 6d.; strictly net. 


Contents. 

Chapters I., Structure and Chemistry of the Cotton Fibre.--II., Scouring and Bleaching of 
Cotton.—IH., Dyeing: Machinery and Dyeing Manipulations.—IV., Principals and Practice of 
Cotton Dyeing—1, Direct Dyeing; 2, Direct Dyeing followed by Fixation with Metallic Salts; 
3, Direct Dyeing followed by Fixation with Developers; 4, Direct Dyeing followed by Fixation 
with Couplers; 5, Dyeing on Tannic Mordant : 6, Dyeing on Metallic Mordant; 7, Production 
of Colour Direct upon Cotton Fibres; 8. Dyeing Cotton by Impregnation with Dye-stuff Solu- 
tion.-—V., Dyeing Union (Mixed Cotton and Wool) Fabrics.—VI., Dyeing Half Silk (Cotton- 
Silk, Satin) Fabrics.—VII., Operations following Dyeing Washing, Soaping, Drying. —Vill. 
Testing of the Colour, of Dyed Fabrics.—IX., Experimental Dyeing and Comparative Dye 
Testing. -Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours, thus making it of great service in the Dyehouse, while to the Student it 
is of value in that the scientific principles which underlie the operations of dyeing are clearly 
laid down. 


COTTON SPINNING (First Year) By Thomas THorNLery, 


Spinning Master, Bolton Technical School. 160 pp. 84 Illustrations. 
Crown &vo. 1901. Price 3s.: Abroad, 3s. 6d. ; strictly net. 
Contents. 
Syllabus and Examination Papers of the City and Guilds of London Institute.- Chapters 
I, Cultivation, Classification, Ginning, Baling and Mixing of the Raw Cotton. -I1.. Bale- 
Breakers, Mixing Lattices and Hopper Feeders —111., Opening and Scutching.—IV., Carding. 
—Index to Hlustrations.- -General Index. 


COTTON SPINNING (Intermediate, or Second Year). By 


THOMAS THORNLEY. 180 pp. 70 Illustrations. Crown 8vo. 1901. 
Price 5s.; India and British Colonies, 5s. 6d.: Other Countries, Gs. ; 
strictly net. 


Contents. 
Syllabuses and Examination Papers of the City and Guilds of London Institute.—-Chapters 
I., The Combing Process. 11. The Drawing Frame.—111., Bobbin and Fly Frames.—IV., Mule 
Spinning. V., Ring Spinning.—Index to Illustrations. -General Index. 


COTTON SPINNING (Honours, or Third Year). By THouas 


THORNLEY. 216 pp. 74 Illustrations. Crown Svo. 1901. Price 5s. ; 
India and British Colonies, 5s. 6d.; Other Countries, 6s. ; strictly net. 


Contents. 
Syllabuses and Examination Pape :s of the City and Guilds of London Institute.—Chapters 
1, Cotton.—II., The Practical Manipulation of Cotton Spinning Machinery.—I11., Doubling 
and Winding. IV., Reeling.—V., Warping.—VI., Production and Costs.—VIL., Main Driving. 
—VIII., Arrangement of Machinery and Mill Planning.--[X., Waste and Waste Spinning.— 
Index to Illustrations.- -“*eneral Index. 


Books for Mining Engineers 


and Steam Users. 
RECOVERY WORK AFTER P{iT FIRES. A Description 


of the Principal Methods Pursued, especially in Fiery Mines, and of 
the Various Appliances Employed, such as Respiratory and Rescue 
Apparatus, Dams, etc. By ROBERT LAMPRECHT, Mining Engineer and 
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Manager. Translated from the German. Illustrated by Six large 
Plates, containing Seventy-six Illustrations. 175 pp.,demy 8vo. 1901. 
Price 10s. 6d.; India and Colonies, 118.: Other Countries, 12s. ; 


strictly net. Contents. 

Preface.—1., Causes of Pit Fires: |, Fires Resulting from the Spontaneous Ignition of 
Coal; 2, Fires Caused by Burning Timber; 3, Fires Caused by Fire-damp Explosions.—IL., 
Preventive Regulations: 1, The Outbreak and Rapid Extension of a Shaft Fire can be 
most reliably prevented by Employing little or no Combustible Material in the Construction of 
the Shaft; 2, Precautions for Rapidly Localising an Outbreak of Fire in the Shaft; 3, Pre- 
cautions to be Adopted in case those under | and 2 Fail or Prove Inefficient Precautions 
aginst Spontaneous [Ignition of Coal. Precautions for Preventing Explosions of Fire-damp 
unu _oal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. Experiments 
on the :gnition ot Fire-damp Mixtures and Clouds of Coal Dust by Electricity.—111., Indica- 
tions of a» Existing or Incipient Fire.—lV., Appliances tor Working in Irrespirable 
Gases: |, Respiratory Apparatus, 2, Apparatus with Air Supply Pipes, (a) The Bremen Smoke 
Helmet, (6) The Müller Smoke Helmet, (c) The Stolz Rescue Mask; 3, Reservoir Apparatus: 
4, Oxygen Apparatus. The Schwann Respiratory Apparatus. The Fleuss Respiratory Ap- 
paratus. The Improved Walcher-Gartner Pneumatophor, (a) The Single Bottle Apparatus, 
Instructions for Using the Pneumatophor, Taking to Pieces and Resetting the Apparatus 
ready for Use; (6) Two Bottle Apparatus (Shamrock Type). The Neupert Rescue Apparatus 
(The Mayer-Pilar System).—V. Extinguishing Pit Fires: (a) Chemical Means; (b) Extinction 
with Water. Dragging down the Burning Masses and Packing with Clay; (c) Insulating the 
Seat of the Fire by Dams. Dam Building. Dam Work in the Fiery Pits of Southern Hungary : 
(a) Cross-dums of Clay; (b) Masonry Dams, Gallery Linings. Wagner's Portable Safety Dam. 
Analyses of Fire Gases. Isolating the Seat of a Fire with Dams: Working in Irrespirable 
Gases (*' Gas-diving "): 1, Air-Lock Work (Horizontal Advance) on the Mayer System as Pur- 
sued at Karwin in 1894; 2, Air-Lock Work (Horizontal Advance) by the Mauerhofer Modified 
System. Vertical Advance. Mayer System. Complete Isolation of the Pit. Flooding a 
Burning Section isolated by means of Dams. Wooden Dams: (a) Upright Balk Dams; (0) 
Horizontal Balk Dams; («) Wedge Dams, Masonry Dams. Examples of Cylindrical and Dome- 
shaped Dams. Dam Doors: Flooding the Whole Pit.—VI., Rescue Stations: (4) Stations 
thove Ground; (4) Underground Rescue Stations.—VIl., Spontaneous Ignition of Coal in 
Bulk.—Index. 

liiustrations. 

Sheet I., Respiraïvry and Rescue Appliances -Precautlons against Fire. Figs. 1, 
Smoke Helmet: 2, Muller’s Smoke Helmet; 3, Low-pressure Respiration Apparatus; 4, High- 
pressure Respiration Apparatus: 5, The Stolz Mask for Rescue Work; 6, Precautions against 
Fire.—Sheet 11., Respiratory and Rescue Apparatus. Figs. 1, Recovery Work with 
Müller s Smoke Helmet after a Fire: 2-8, The Fleuss Respiration Apparatus; 9, The Walcher- 
Gartner Pneumatophor: [C-12, Pneumatophor (Shamrock Type).- Sheet III., Respiratory 
and Rescue Apparatus- Stretchers. Fiys. 1-8, Rescue Apparatus manutictured by O. 
Neupert’s Successor (Mayer-Pilur System): J, Front View: 2, Section through Bag and Mask; 
4, Rear View: 4, \pparatus and Mask tad out Flat (view from above): 5, Apparatus and Mask 
land out Flat (view from below): 6, Locking Device for Closing Bay: 7, Apparatus Complete, 
Mounted for Rescue Work; &, Improved Valve in the Respiration Tubes: 9-12, Stretchers. 
Fig. 9, Stretcher Covered with Brown Canvas: 10, Stretcher Covered with Brown Canvas, 
fitted with Adjustable Head-rest: 11, Folding: Stretcher Covered with Brown Canvas: 12, 
Rupprecht's Stretcher Covered with Brown Canvas; 13, Dr. Rühimann's Stretcher.— Sheet 
IV. Dams. Figs. 1-7, R. Wagner's Portable Safety Dam.—Sheet V., Signalling AppHances 
—Dam Construction Cable Laying. Fiys. 1-3, Signalling Appliances; 1, Small Induction 
Apparatus for Pit Work; 2, Bell Signal for Pit Work: 3, Pit Telephone; 4-18, Dam Con- 
struction; 4, 5, Upright Timber Dam: 6, 7, Timber Dam with Wooden Door: 8, 9, Dome- 
shaped Dams; 10,11, Dome-shaped Dam with Iron Door; 12,13, The Wenker and Berninghaus 
Locking Device for Dam Doors; 14-17, Dam Construction; 18, Damming a Gallery Lined with 
Iron; 19, Support for Cable.—Sheet VI. Working with Diving Gear in Irrespirable Gases 
—Gallery Work. Figs. 1-4, Air-Lock Work (Mayer System): 5-7, Air-Lock (Mauerhofer's 
Modification of the Mayer System): 8-11, Construction of Dams at the Pluto Shaft.—Sheet 
VIIl., Working with Diving Gear in Irrespirable Gases (Mayer System)— Appliances in 
the Shaft. igs. 1, 2, Sections of Shaft and Air Apparatus; 3, Salzmann Reducing Valve for 
Reserve Air Supply: 4,5, L. v. Bremen's Respiration Apparatus with Karwin Reserve Ap- 
pliance : 6, Cross Section of the Franziska Shaft; 7, Method of Supplying Air to Main Pipe 
and Winding same on Drum; 8, Clamp. 

Press Opinions. 

“ A work of this extremely valuable character deserves to be made widely known amongst 
colliery managers and mining engineers at home and abroad."—C oal and Iron. 

“This book is, in a manner, unique. The literature of mining accidents is fairly extensive, 
but it consists largely of departmental Blue Books.”—Sheffiield Daily Telegraph. 

“A concise and lucid description of the principal methods pursued, especially in fiery 
mines, and of the various appliances employed, such as respiratory and rescue apparatus, 
dams, etc."—Staffs Advertiser. 

“The prevention of spontaneous combustion in collieries and the extinction of underground 
fires are duties that fall heavily on many colliery managers. They should, therefore, welcome 
this translation of Mr. Lamprecht's German treatise."—/ronmonger. 

“The book under notice supplies the needed full description, drawings, and mode of using 
these new appliances in actual fires, and should be studied by every colliery manager, seeing 
that even our best managed collieries have not been free from fires. more or less disastrous 
to life and property.—Colliery Manager. 
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THE PREVENTION OF SMOKE. Combined with the 


Economical Combustion of Fuel. By W. C. PoPPLEWELL, M.Sc., 
A.M.Inst., C.E., Consulting Engineer. 46 Illustrations. 190 pp. 
1901. Demy 8vo. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d.; strictly net. 
Contents. oo, | 
Introductory.—Chapters I., Fuel and Combustion.—II., Hand Firing in Boiler Furnaces.— 
IIT., Stoking by Mechanical Means.—IV., Powdered Fuel.—V., Gaseous Fuel.—VI., Efficiency 
and Smoke Tests of Boilers.—VII., Some Standard Smoke Trials.—VIII., The Legal Aspect 
of dhe Smoke Question.—1X., The Best Means to be adopted for the Prevention of Smoke.— 
ndex. 


GAS AND COAL DUST FIRING. A Critical Review of 
the Various Appliances Patented in Germany for this purpose since 
1885. By ALBERT PÜTscH. 130 pp. Demy 8vo. 1901. Translated 
from the Gernfan. With 103 Illustrations. Price 7s. 6d.: India and 
Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 

Contents. 


Generators—Generators Employing Steam—Stirring and Feed Regulating Appliances— 
Direct Generators—Burners—Regenerators and Recuperators—Glass Smelting Furnaces— 
Metallurgical Furnaces—Pottery Furnace—Coal Dust Firing.—Index. 


Press Opinions. 

“The work is worthy of perusal by all consumers of fuel. It is exceedingly well printed 
and illustrated."-—Chemucal Frade Journal. 

“The book will appeal with force to the manufacturer as well as to the technical student, 
whilst it 15 also of far more than average interest to the general reader.”—Halifax Guardian. 

“The importance that gas and coal dust firing have attained of recent years, and especially 
the great interest attaching of late to the question of coal! dust firing, makes the appearance 
of the present volume most opportune."—IJron and Coal Trades Review. 

‘The German author has long followed the development of various systems of gas firing, 
and in the present treatise he discusses the merits of appliances patented since 1885. His text 
and the numerous illustrations indispensable to it will be found useful by all who are engaged 
in practical work in the same field."— North British Daily Mail. 


Books on Plumbing, Decorating, 


Metal Work, etc., etc. 


EXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By JoHN W. Hart, R.P.C. 180 Illustrations. 270 
pp. Demy 8vo. 1896. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d.; strictly net. 


Contents. 

Chapters I., Cast Sheet Lead.—II., Milled Sheet Lead.—III., Root Cesspools.—IV., Socket 
Pipes.—V., Drips.—VI., Gutters.—VII., Gutters (continued).—VIII., Breaks.—IX., Circular 
Breaks.—X., Flats.—XI., Flats (continued).—XII., Rolls on Flats.—XIII., Roll Ends.—XIV., 
Roll Intersections.—XV., Seam Rolls.—XVI., Seam Rolls (continued).- -XVIIL., Tack Fixings. 
—XVIII1., Step Flashings.—XIX., Step Flashings (continued).—XX., Secret Gutters.—XXI., 
Soakers.- XXII., Hip and Valley Soakers. XXIII, Dormer Windows.—XXIV., Dormer 
Windows (continued). -XXV., Dormer Tops.—XXAVI., Internal Dormers. —XAXVII., Skylights. 
—XXVIII., Hips and Ridging. XXIX., Hips and Ridging (continued).--XXX., Fixings for 
Hips and Ridging. -XXXI., Ornamental Ridging.—XXXII., Ornamental Curb Rolls. -XXXTIII., 
Curb Rolls. —XNXIV., Cornices. XXNXXV., Towers and Finials. --XXXVI., Towers and Finials 
(continued).- XXXVII.,Towers and Finials (continued). XXXVIII., Domes.—XXXIX., Domes 
(continued).- -NL., Ornamental Lead Work.--XLI., Rain Water Heads.—XLIL, Rain Water 
Heads (continued), -XLIIT., Rain Water Heads (continued). 

Press Opinions. 

“This is an eminently practical and well-illustrated volume on the management of external 
ead work." —Airminehain Dariv Pod, 

“Tt is thoroughly practical, containing many valuable hints, and cannot fail to be of great 
benefit to those who have not had large experience." San‘tary Journal. 

“Works on sanitary plumbing are by no means rare, but treatises dealing with external 
plumbing work are sufficiently scarce to ensure for Mr. Hart's new publication a hearty recep- 
tion.” -Lhe Ironmans er, 

“With Mr. Hart's treatise in his hands the young plumber need not be afraid of tachling 
outside work. He would do well to study its pages at leisure, so that he may be ready for tt 


when called upon.” -/ronmonygery. 
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HINTS TO PLUMBERS ON JOINT WIPING, PIPE 


BENDING AND LEAD BURNING. Third Edition, 


Revised and Corrected. By JOHN W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. 1901. Price 7s. 6d.; India and Colonies, 8s. ; 
Other Countries, 8s. 6d.; strictly net. 

Contents. | 

Introduction.—Chapters I., Pipe Bending.—il., Pipe Bending (continued).—I11., Pipe 
Bending (continued).—IV., Square Pipe Bendings.—V., Half-circular Elbows.—VI., Curved 
Bends on Square Pipe.—VI11., Bossed Bends.—VIIT., Curved Plinth Bends.—1X., Rain-water 
Shoes on Square Pipe.—X., Curved and Angle Bends.—XI., Square Pipe Fixings.—X11., Joint- 
wiping.— XII1., Substitutes for Wiped Joints.—XIV., Preparing Wiped Joints.—XV., Joint 
Fixings.—XVI., Plumbing Irons.—XVil., Joint Fixings.—XVIII., Use of “ Touch" in Solder- 
ung.—XIX., Underhand Joints.—XX., Blown and Copper Bit Joints.—XXI., Branch Joints. — 
XX11., Branch Joints (continued).—XXII1., Block Joints.—XXIV., Block Joints (continued). — 
XXV., Block Fiaings.—XXVI., Astragal Joints. Pipe Fixings. —XXVII., Large Branch 
dJoints.— XXVIII, Large Underhand Joints.—XXIX., Solders.—XXX., Autogenous Soldering 
or Lead Burning.—Index. 

Press Opinions. 

“ Rich in useful diagrams as well as in hints.""—Liverpool Mercury. 

“The papers are eminently practical, and go much farther into the mysteries they describe 
than the title ‘ Hints’ properly suggests.""— Scotsman. 

“The articles are appurently written by a thoroughly practical man. As a practical guide 
the book will doubtless be of much service." —Glasgow Herald. 

“ So far as the practical hints in this work are concerned, it will be useful to apprentices and 
students in technical schools, as it deals mainly with the most important or difficult branches 
-of the plumber’s craft, viz., joint wiping, pipe bending and lead burning. ... ‘Hints’ are the 
most useful things to an apprentice, and there are many in this work which are not to be found 
An some of the text-books."—Enyglish Mechanic, 

“22 PRYME STREET, HULL, 24th November, 1894. 

“ Gentlemen, —Your books to hand for which accept my best thanks, also for circulars. I 
myself got one of J. W. Hart's books on Plumbing from your traveller, and having looked 
through the same | can safely recommend it as being the best book I have seen. Mr. Jd. W. 
Hart treats exhaustively upon soldering and pipe bending, which are two of the most essentia 
‘branches in the plumbing trade. 


THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 


BRASS WARE. By W. Norman Brown. 35 pp. Crown 


8vo. 1900. Price 2s.; Abroad, 2s. 6d.; strictly net. 
Contents. 

Chapters I., Cleansing and Dipping; Boiling up and Cleansing; Dipping.—II., Scratch- 
brushing and Burnishing: Polishing: Burnishing.—IIL, Lacquering: Tools; Lacquers.— 
IV., Bronzing: Black Bronzing; Florentine Red Bronzing ; Green Bronzing.—Index. 

Press Opinions. 

“Mr. Brown is clearly a master of his craft, and has also the immense advantage of being 
able to convey his instructions in a manner at once clear and concise.""—L eicester Post. 

“A thoroughly practical little treatise on the subject in all its branches, and one which 
should be in the hands of every tradesman or amateur who has lacquering todo."—J. ish Builder. 


WORKSHOP WRINKLES for Decorators, Painters, Paper- 


hangers and Others By W. N. BROWN. Crown 8vo. 128 pp. 1901. 
Price 2s. 6d.; Abroad, 3s. ; strictly net. 
Contents. 
Parts I., Decorating.—11., Painting.—I1ll. Paper-hanging.—IV., Miscellaneous. 
Arranged in alphabetical order. 


HOUSE DECORATING AND PAINTING. By W. 


NORMAN BROWN. Eighty-eight Illustrations. 150 pp. Crown 8vo. 
1900. Price 3s. 6d.; India and Colonies, 4s.; Other Countries, 4s. 6d. ; 


strictly net. Contents. 

Chapters I., Tools and Appliances.—11,, Colours and Their Harmony.—III., Pigments and 
Media.—IV., Pigments and Media.—V., Pigments and Media.—VI., Pigments and Media.— 
VIS, Preparation of Work, etc.—VIIL., Application of Ordinary Colour.—IX., Graining.— 
X., Graining.—-XL, Graining.—NII., Gilding.—XIII, Writing and Lettering.—XIV., Sign 
Painting.—XV., Internal Decoration.—Index. 

Press Opinion. 

“The auchor is evidently very thoroughly at home in regard to the technical subjects he has 
set himself to elucidate, from the mechanical rather than the artistic point of view, although 
the matter of correctness of taste 1s by no means ignored. Mr. Brown's style is directness 
itself, and there 1s no tyro in the painting trade, however mentally ungifted, who could fail te 
carry away a clearer grasp of the details of the subject after going over the performance."— 
Burlding Industrtes. 
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A HISTORY OF DECORATIVE ART. By W. Norman 


Brown. Thirty-nine Illustrations. 96 pp. Crown Svo. 1900. Price 


2s. 6d.; Abroad, 3s.; strictly net. 
: ontents. 

Chapters I., Primitive and Prenistoric Art.—Il., Egyptian Art.—III., Assyrian Art.—IV., 
The Art of Asia Minor.—V., Etruscan Art.—VI., Greek Art.—Vil, Roman Art.—VIIE., 
Byzantine Art. -IX., Lombard or Romanesque Art.—X., Gothic Art.—XI., Renaissance Art.— 
XIL, The Victorian Period.—Index. 

Press Opinion. 

“In the course of a hundred pages with some forty illustrations Mr. Brown gives a very 
interesting and comprehensive survey of the progress and development of decorative art. It 
cannot, of course, be pretended that in the limited space named the subject is treated ex 
haustively and in full detail, but it is sufficiently complete to satisfy any ordinary reader ; 
indeed, for general purposes, it is, perhaps, more acceptable than a more elaborate treatise.”"— 
Midland Counties Herald. ‘ 


A HANDBOOK ON JAPANNING AND'ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 


WILLIAM NoRMAN Brown. Price 2s. net. [ Ready. 
Contents. 

A Few Words on Enamelling—Appliances and Apparatus—Japans or Enamels—To Test 
Enamel for Lead—Japanning or Enamelling Metals—Japanning Tin, such as Tea Trays, and 
similar Goods—Enamelling Old Work—Enamel for Cast Iron—Enamel for Copper Cooking 
Utensils—The Enamelling Stove—Enamelling Bedsteads, Frames and similar large pieces-- 
Paints and Varnishes for Metallic Surfaces—Varnishes for Ironwork—Blacking for Iron— 
Processes for Tin Plating—Galvanising— Metal Polishes--Colours for Polished Brass—A 
Golden Varnish for Metal—Painting on Zinc—Carriage Varnish—Japanese Varnish and its 
Application.— Index 


THE PRINCIPLES OF HOT WATER SUPPLY... By 
JOHN VW. HART, R.P.C. With 129 Illustrations. 1900. 177 pp., demy 
Svo. Price 7s. 6d.; India and Cok nies, 8s.; Other Countries, 8s. 6d. ; 


strictly net. 
Contents. 

Chapters [., Water Circulation.--Il., The Tank System.—III., Pipes and Joints.—IV., The 
Cylinder System.—V., Boilers for the Cylinder System.—VI., The Cylinder System.—Vil., The 
Combined Tank and Cylinder System.—VIII., Combined Independent and Kitchen Boiler.— 
IX., Combined Cylinder and Tank System with Duplicate Roilers.—X., Indirect Heating and 
Boiler Explosions.—X1., Pipe Boilers.— XI, Safety Valves.—XIEL., Safety Valses.— XIV. The 
American Svstem.—XV., Heating Water by Steam.- XVI. Steam Kettles and Jets. —XVII., 
Heating Power of Sream.—XVIEL., Covering for Hot Water Pipes.—Index. 

Press Opinion. 

“Tf all plumbers were to read this kook, and if they followed the instructions given, there 
would, we are sure, be fewer accidents from household boiler explosions, and many lives might 
be saved. No doubt the mujorits of householders know or care little about the subject, but 
any one who wishes to adopt the most up-to-date system of supplying hot water throughout 
his house will be able to do so if he reads Mr. Hart's book and follows the instruction given. 
It is a work that all who have charge of domestic water supply should study. It is a practical 
and profitable book."— Wigan Olsen rer. 


Brewing and Botanical. 


HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 


OF COMMERCE. By Emmancet Gross, Professor at 


the Higher Agricultural College. Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 1900. 340 pp. Demy 
Svo. Price 12s. 6d.; India and Colonies, 13s. 6d.; Other Countries, 
15s.; strictly net. 

Contents. 

PART I., HISTORY OF THE HOP. 

PART II., THE HOP PLANT. Introductory.—lhe Roots.—The Stem and Leaves.— 
Inflorescence and Flower: Inflorescence and Flower of the Male Hop: Inflorescence and 
Flower of the Female Hop.—The Fruit and its Glandular Structure: The Fruit and Seed.— 
Propagation and Selection of the Hop.—Varieties of the Hop: (a) Red Hops: (6) Green Hops: 
(c) Pale Green Hops.—Classification according to the Period of Ripening: 1. Early August 
Hops; 2. Medium Early Hops: 3. Late Hops.—Injuries to Growth: Malformations: Diseases 
Produced by Conditions of Soil and Climate: 1. Leaves Turning Yellow, 2. Summer or Sun- 
brand, 3. Cones Dropping Off, 4. Honey Dew, 5. Damage from Wind, Hail and P-1n - Vegetable 
Enemies of the Hop: Animal Enemies of the Hop.— Beneficial Insects on Fr--- 
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PART III. CULTIVATION. The Requirements of the Hop in Respect of Climate, Soil 
and Situation: Climate: Soil: Situation. —Selection of Variety and Cuttings.—Planting a Hop 
Garden: Drainage: Preparing the Ground; Marking-out for Planting; Planting; Cultivation 
and Cropping of the Hop Garden in the First Year.— Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System: The Proper Per- 
formance of the Operation of Cutting: I, Method of Cutting: Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; II. Proper Season for Cutting: Autumn Cutting, Spring 
Cutting: Manuring: Training the Hop Plant: Poled Gardens, Frame Training: Principal 
Types of Frames: Pruning, roping, Topping, and Leaf Stripping the Hop Plant: Picking, 
Drying and Bagging.--Principal and Subsidiary Utilisation of Hops and Hop Gardens.—Lite 
of a Hop Garden; Subsequent Cropping.—Cost of Production, Yield and Selling Prices. 

PART IV.— Preservation and Storage.—Physical and Chemical Structure of the Hap Cone. 
—Judging the Value of Hops. 

PART V.—Statistics of Production.—The Hop Trade.—Index. 


Press Opinions. 
* “The subject is dealt with fully in every little detail; consequently, even the veriest tyro can 
take away some useful information from its pages."—Irish Farming W'orld. 

“Farmers are but little given to reading; but nowadays brewers have to study their trade 
and keep abreast of its every aspect, and as far as regards our trade, to them this book 
especially appeals, and will be especially useful."—Licensed Victuallers’ Gasette. 

“ Like an oasis in the desert comes a volume upon the above subject, by the Professor at 
the Higher Agricultural College, Tetschen-Liebwerd, Germany, who has been fortunate 
enough to obtain an excellent translator from the German in the person of Mr. Charles 
Salter. The paucity of works upon the history and cultivation of hops is surprising con- 
sidering the scope it gives for an interesting and useful work."—Hereford Times. 

“We can safely say that this book deals more comprehensively and thoroughly with the 
subject of hops than any work previously published in this country. . . . No one interested in 
the hop industry can fail to extract a large amount of information from Professor Gross's 
pages, which, although primarily intended for Continental readers, yet bear very closely on 
what may be termed the cosmopolitan aspects of the science of hop production."—South 
Eastern Gasette. 

“This is, in our opinion, the most scholarly and exhaustive treatise on the subject of hops, 
their culture and preservation, etc., that has been published, and to the hop grower especially 
will its information and recommendations prove valuable. Brewers, too, will find the chapter 
devoted to ‘Judging the Value of Hops‘ full of useful hints, while the whole scope and tenor of 
the book bear testimony to the studious and careful manner in which its contents have been 
elaborated."—Rrewers’ Journal, 

“Considering the extent to which this country draws its hop supplies from abroad, this 
translation of Professor Gross's volume will prove an interesting and instructive addition to 
the library of any brewer or brewers’ chemist, the more so as the work of translation has been 
admirably carried out in simple and vigorous English. ... The volume is one of a valuable 
series of special technical works for trades and professions the publishers are issuing, and is 
the first so tar dealing with the brewing industry." —Burton Mail. 

“A work upon the above subject must be welcomed if for no other reason than the dearth 
of books dealing with so interesting a theme, but fortunately apart from this the book will 
afford excellent reading to all interested in hops and their culture. Professor Gross takes one 
over the whole field, by commencing with the earliest history of the plant-—so far back as the 
days of ancient Greece— and from both practical, theoretical and scientific standpoints, deals 
with the cultivation, classification and formation of the hop. ... In speaking of the produc- 
tion of new varieties sound information is given, and should be of value to those who are 
always in search of improvements."—Hereford Journal, 

“This work is, without doubt, the most thorough and extensive compilation on hops ever 
yet offered to the public. and for this reason should be warmly welcomed and appreciated by 
men interested in the subject. Although primarily written for those engaged in the industry 
abroad, and mainly Continental in theory and practice, it nevertheless appeals to those con- 
nected with the hop growing and brewing business in England, not only by way of a com- 
parison, but also as an instruction. The volume is at once practical and scientific, is well 
got up, and teems with illustrations and statistics. In a word, it is a book that should find 
its way into the hands of all who are occupied in hop production and distribution at home : 
and it also contains valuable information and suggestions for the brewers themselves.""— 
Brewers Gtiardian, 


Public Libraries. 
BRITISH LIBRARY YEAR BOOK, 1900-1901. A Record 


of Library Progress and Work. 54 Illustrations. Crown 8vo, 345 pp. 

1900. Edited by THoMas GREENWOOD. Price 3s.; abroad, 3s. 6d. ; 
strictly net. 

| | Contents. | 

Notes for Library Committees. Contributed Articles: The Library Rate. Some Points in 

Library Planning—Mr. Burgoyne. Library Classification-- Mr. Jast. Developments in Lib- 

rary Cataloguing —Mr. Quinn. Children and Public Libraries—Mr. Ballinger. Fire Prevention 

and Insurance—Mr. Davis. The Educational Work of the Library Association—Mr. Roberts. 

The Library Assistants’ Association— Mr. Chambers. British Municipal Libraries established 

under the various Public Libraries or Special Acts, and those supported out of Municipal Funds 
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giving particulars of Establishment, Organisation, Staff, Methods and Librarians. Table 
showing the Rate, Income, Work and Hours of the Rate-supported Libraries. Statistical 
Abstracts. British non-Municipal Libraries, Endowed, Collegiate, Proprietary and others,. 
showing date of Establishment, number of Volumes, Particulars of Administration, and Lib- 
rarians. Library Associations and Kindred Societies. 

| Press Opinions. 

* This is a handbook which tells the reader everything about public libraries, great and 
small, in the United Kingdom. . . . The book 1s decidedly one of the best arranged volumes ever 
published, and there 18 no doubt that the editor has been at great pains to obtain the latest 
and most accurate information trom all places. County, district aad parish councils, 
ministers of religion, and schoolmasters everywhere should make themselves acquainted with- 
its contents. Its perusal cannot tail to serve the ends of the library movement. The illustra: 
tions, ot which there 1s a large number, are very good."— Western (Cardifi) Maul. 


WORKS IN PREPARATION. 
PRINCIPLES OF SIDEROLOGY (The Science of Iron). 


Translated from the German of HANNS FREIHERR V. ZUPTNER. 
STAINED GLASS (Ancient and Modern) and FRET LEAD: 
GLAZING. By E.R. SuFetine. 


TREATISE ON CLOTH FINISHING. By Rosert 


BEAUMONT, of Yorkshire College, Leeds. 


INDIA-RUBBER; GUTTA PERCHA. 
EVAPORATION, CONDENSASION AND CUOLING. 


Caiculations of Dimensions of Apparatus. By E. HAUSBRAND. 
Tables. For Chemists, Chemical and Mechanical Engineers. 


THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES. Spinning, Washing, Bleaching, Dyeing, Printing. 
and Finishing. By Dr. G. VON GEORGIEVICS. (Iu the Press. 

WEAVING MACHINERY. Three Vols. By Harry Nisset. 

COLOUR TERMS: THEIR PROPER USE AND 
MEANING. By Davip Paterson. 


LEAD AND ITS COMPOUNDS. By Tuos. Lampert. 
COTTON COMBERS AND THE COMBING PROCESS. 


By THos. THORNLEY. [lu the Press. 


TIMBER. Its Physical and Chemical Properties, Description, 
Distribution throughout the World, Forests, Preservation of Timber, 
and Applications. From the French of Paul Charpentier. 179 Illus- 
trations. About 500 pp. . 

USE OF WATER IN THE INDUSTRIAL ARTS. Com- 
position—Influences—Residual Water—Purification—Analysis. From 
the French of H. de la Coux. 135 Illustrations. About 500 pp. 

DYERS’ MATERIALS: An Introduction to the Examination, 


Evaluation and Application of the Most Important Substances Used: 
in Dyeing, Printing, Bleaching and Finishing. By PAUL HEERMANN, 
Ph.D. Translated by ARTHUR C. WRIGHT, M.A. (Oxon.). B.Sc. 
(Lond.). [In the Press. 


HANDY CUIDES TO THE CHOICE OF BOOKS. 
Vol. I. PROSE FICTION. 
Vol. ll. TECHNICAL, TRADE AND COMMERCIAL 


BOOKS. 
Others to follow. [In Preparation. 





The Publishers will advise when any of the above books are 
ready to firms sending their addresses. 
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